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CELL CULTURE METHODS FOR
PRODUCING RECOMBINANT PROTEINS IN
THE PRESENCE OF REDUCED LEVELS OF

ONE OR MORE CONTAMINANTS

RELATED APPLICATIONS

This application claims the benefit of priority of U.S. Pro-
visional Patent Application No. 60/897,221, filed on Jan. 8,
2007, the entire contents of which are incorporated by refer-
ence herein.

This application 1s related to U.S. Provisional Patent Appli-
cation No. 60/872,162, also filed on Jan. 8, 2007, and U.S.

patent application Ser. No. 12/006,960, filed on Jan. 8, 2008,
and entitled “High Expression Cell Line That Eliminates
Gene Amplification” the entire contents of each of which are
incorporated by reference herein.

The entire contents of each of these patent applications are
hereby expressly incorporated herein by reference including
without limitation the specification, claims, and abstract, as
well as any figures, tables, or drawings thereof.

FIELD OF THE INVENTION

The mvention relates generally to the field of recombinant
protein expression technology. More specifically, the present
invention provides methods, cell lines, and kits for enriching
for recombinant proteins 1n cell culture as well as methods of
purifying such proteins.

BACKGROUND OF THE INVENTION

The advent of recombinant technology, allowing the pro-
duction of recombinant proteins in desirable host cells, has
opened the door to various uses for recombinantly produced
proteins. Production of recombinant proteins suitable for use
as therapeutics, diagnostic and/or research reagents 1s widely
known within the biotechnology field. Notably, over the past
decade, therapeutic proteins have become increasingly
prominent. Typically, the process for producing a recombi-
nant protein ranges from i1dentifying a clone which produces
a desirable product, to scaling up manufacturing and product
purification and usually 1s arduous and lengthy, demanding a
significant commitment of time, labor and resources. With
recombinant proteins becoming entrenched 1n the therapeu-
tics market, more efficient ways of producing and purifying,
recombinant products 1s desirable. However, merely increas-
ing production of a recombinant protein 1s not sufficient. For
example, most recombinantly produced proteins are present
in complex mixtures of products, which makes the task of
purifying the desired recombinant protein challenging as well
as time consuming. Furthermore, due to the strict Federal
Food and Drug Administration requirements on protein con-
sistency, quality, and purity, better methods of protein pro-
duction and purification are desired.

Accordingly, there 1s a need for improved technologies
which result 1n higher quantities as well as improved quality
of the protein produced.

SUMMARY OF THE INVENTION

The present invention provides methods for enriching for a
recombinant protein in cell culture, for example, by reducing,
the levels of one or more contaminants. In certain embodi-
ments, the mvention relates to improved methods, kits and
cell lines for the recombinant production of proteins. The
invention thus provides, 1n some embodiments, methods that
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2

are stmpler to perform, more efficient and less expensive than
previously described methods suitable for the production of a
recombinant protein. Still other embodiments of the present
invention provide a stably transiected cell line which 1s easier
to make, easier to grow and less expensive to maintain than
previously described stably transiected cell lines for the pro-
duction of recombinant proteins. Yet other embodiments of
the invention provide a method of harvesting a recombinant
protein from a cell culture that 1s faster, simpler, sater, and
more ellective. Proteins as used herein include full length
proteins, protein domains, protein fragments, polypeptides
and peptides comprising two or more amino acids. In some
embodiments, recombinant proteins expressed using the
methods of the present invention are therapeutic proteins. In
yet other embodiments, recombinant proteins expressed
using the methods of the present invention are antibodies or
antigen binding fragments thereof.

In some embodiments according to the present invention, a
method of enriching for a recombinant protein in cell culture
1s provided. The method comprises: (a) itroducing nto a
cell, a first nucleic acid molecule comprising a nucleotide
sequence encoding a recombinant protemn and a second
nucleic acid molecule comprising a nucleotide sequence
encoding at least one anti-apoptotic protein or a functional
fragment thereof, where both nucleotide sequences are oper-
ably linked to one or more DNA elements capable of opening
chromatin and/or maintaining the chromatin in an open state;
and (b) culturing the cell under conditions such that the
recombinant protein 1s produced in the presence of reduced
levels of one or more contaminants, thereby to enrich for the
recombinant protein in cell culture. In some embodiments,
such a method further comprises the step of harvesting the
recombinant protein from cell culture, where the recombinant
protein 1s produced 1n the presence of reduced levels of one or
more contaminants.

In some embodiments, a cell containing a nucleotide
sequence encoding an apoptotic protein or a functional frag-
ment thereof 1s further transtected with a nucleic acid mol-
ecule comprising a nucleotide sequence encoding a recombi-
nant protein operably linked to a nucleotide sequence capable
of opening chromatin and/or maintaining chromatin in an
open state and 1s cultured under conditions to produce the
recombinant protein 1n the presence of reduced levels of one
Or more contaminants.

The one or more contaminants include, but are not limited
to, one or more host cell lipids, one or more host cell proteins,
one or more host cell carbohydrates, one or more host cell
RNA molecules and one or more host cell DNA molecules. In
a particular embodiment, a recombinant protein 1s produced
in the presence of reduced levels of one or more host cell
proteins, where the one or more host cell proteins are present
in an amount less than 1000 ppm, or less than 900 ppm, or less
than 800 ppm, or less than 700 ppm, or less than 600 ppm, or
less than 500 ppm, or less than 400 ppm, or less than 300 ppm.,
or less than 200 ppm, or less than 100 ppm, or less than 75
ppm, or less than S0 ppm, or less than 25 ppm, or less than 10
ppm, or less than 5 ppm, or less than 3 ppm, or less than 1 ppm
of the total protein. Host cell contaminants, e.g., host cell
proteins, can be readily measured using one or more assays
known 1n the art and those commercially available (e.g., from
Cygnus Technologies, Inc).

The levels of the one or more contaminants may be reduced
by any statistically significant amount when a recombinant
protein 1s co-expressed with an anti-apoptotic protein or func-
tional fragment thereol using a DNA element capable of
opening chromatin and/or maintaining chromatin 1n an open
state, relative to the levels when the recombinant protein 1s
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expressed alone. In some embodiments, the levels of one or
more contaminants are reduced by about 20%, or about 30%,
or about 40%, or about 50%, or about 60%, or about 70%, or
about 80%, or about 90%, or about 95%, or about 96%, or
about 97%, or about 98%, or about 99%, or more, when the
recombinant protein and the anti-apoptotic protein or func-
tional fragment thereof are co-expressed relative to the levels
ol one or more contaminants present when the recombinant
protein 1s expressed alone.

In one embodiment, a host cell 1s first transtected with a
nucleic acid molecule comprising a nucleotide sequence
encoding an anti-apoptotic protein or a functional fragment
thereot followed by transfection with a nucleic acid molecule
comprising a nucleotide sequence which encodes a recombi-
nant protein.

In another embodiment, a host cell 1s transfected with both
nucleic acid molecules at the same time.

The first nucleic molecule and the second nucleic acid
molecule may be cloned 1nto the same vector or into separate

vectors. In some embodiments, the vector 1s a plasmid. In
other embodiments, the vector 1s a viral vector.

In some embodiments, the first nucleic acid molecule com-
prises two nucleotide sequences, each encoding a recombi-
nant protein, and each operably linked to one or more DNA
clements capable of opening chromatin and/or maintaining
chromatin 1n an open state. In a particular embodiment, the
first nucleic acid molecule includes two nucleotides
sequences, one encoding for the light chain of an antibody
and the other encoding for the heavy chain of an antibody.

In some embodiments, the recombinant protein is a thera-
peutic protein. In other embodiments, the recombinant pro-
tein 1s an antibody or an antigen-binding fragment thereof. In
some embodiments, the antibody 1s a monoclonal antibody.

In some embodiments, the first nucleic acid molecule fur-
ther comprises one or more nucleotide sequences chosen
from: (a) a nucleotide sequence capable of enhancing trans-
lation; (b) a nucleotide sequence capable of increasing secre-
tion; and (c¢) a nucleotide sequence capable of increasing the
mRNA stability, where the one or more nucleotide sequences
set forth 1 (a)-(c) are operably linked to the nucleotide
sequence encoding the recombinant protein.

In some embodiments, the cell 1s a mammalian cell such as,

for example, a BHK?21 cell, a CHO cell, a CHO-KI1 cell, a
CHO-DUXX cell, an NSO cell or an Sp2/0 cell. In some
embodiments, the mammalian cell 1s a Chinese Hamster
Ovary Cell (CHO cell).

In some embodiments, the one or more DNA elements
capable of opening chromatin and/or maintaining the chro-
matin 1n an open state are chosen from: (a) one or more an
extended methylation-free CpG 1slands; (b) one or more
matrix attachment regions; (c) one or more stabilizing and
antirepressor regions; and (d) any combinations of (a)-(c). In
some embodiments, the one or more extended methylation-
free CpG 1slands are dertved from the promoter region of one
or more ubiquitously expressed genes. Exemplary ubiqui-
tously expressed genes include, but are not limited to, human
hnRNPA?2 gene, rat hnRNPA2 gene, mouse hnRNPA?2 gene,
human TBP gene, mouse TBP gene, human rpS3 gene and
mouse rpS3 gene. Sequences of exemplary extended methy-
lation-free CpG 1slands which may be used in the methods,
kits and cell lines described herein are set forth in SEQ 1D
NO:1, which depicts a 3.2 kb fragment derived from the
promoter region of the mouse rpS3 gene (Genbank Accession
Nos. AY999160 and AY043296) and SEQ ID NO:2, which
depicts a 1.5 kb fragment dertved from the promoter region of
the human hnRNPA2 gene (Genbank Accession No.
D28877). Additionally, larger fragments derived from the
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human hnRNPA2 gene set forth in SEQ ID NO:3 (4 kb
sequence) and SEQ 1D NO:4 (8 kb sequence) can also be used
in the methods of the invention.

In some embodiments, the one or more DNA elements
capable of openming chromatin and/or maintaining chromatin
in an open state are naturally occurring DNA elements. In
other embodiments, the one or more DNA elements capable
of opening chromatin and/or maintaining chromatin in an
open state are artificially synthesized DNA elements. In yet
other embodiments, the one or more DNA elements capable
of opening chromatin and/or maintaining chromatin in an
open state are a combination of naturally occurring and arti-
ficially synthesized DNA elements.

In some embodiments, the nucleotide sequence encoding
the anti-apoptotic protein 1s chosen from a nucleotide
sequence encoding bel-2; bel-x;, ; bel-6; survivin; xiap; hiap1;
hiap2; aven; E1B-19K; P21; myrPHK; HSV-1 v1 34.5; and
beclin, or a functional homolog or fragment thereof. Exem-
plary nucleotide sequences of anti-apoptotic genes which
may be used 1n the methods of the mvention are set forth in
SEQ ID NO:5 and SEQ ID NO:7, which represent human and
mouse nucleotide sequences for the anti-apoptotic gene,
aven, respectively, and SEQ ID NO:9, which represents the
nucleotide sequence of the human E1B-19K gene. It 1s under-
stood that variants and fragments of these sequences may also
be used, so long as they exhibit one or more functional activi-
ties associated with the respective anti-apoptotic protein.
Alternatively, cells maybe contacted with purified or 1solated
anti-apoptotic proteins or fragments thercof. Exemplary
amino acid sequences ol anti-apoptotic proteins are set forth
in SEQ ID NOs:6, 8 and 10.

In some embodiments, the cells used for producing a
recombinant protein are cultured 1n a serum free medium. In
some embodiments, the medium 1s free of animal products. In
other embodiments, the medium 1s free of protein.

In some embodiments, the first and/or the second nucleic
acid molecules are introduced 1nto a host cell by: (a) placing
the host cell 1n an electroporation device comprising a barrier
having an opening suitable for recerving the host cell; (b)
securing the host cell 1n the opening; (¢) contacting the host
cell with an electric current such that the current passes
through the host cell; (d) monitoring the ratio between the
current and voltage in the electroporation device; and (e)
adjusting the magnitude of the voltage to optimize electropo-
ration.

Also provided are kits for producing a recombinant protein
in the presence of reduced levels of one or more contami-
nants. In some embodiments, a kit according to the invention
comprises: (a) a first nucleic acid molecule comprising one or
more DNA elements capable of opening chromatin and/or
maintaining chromatin in an open state and a multiple cloning
site suitable for cloning a nucleotide sequence encoding the
recombinant protein; and (b) a second nucleic acid molecule
comprising a nucleotide sequence encoding at least one anti-
apoptotic protein or a functional fragment thereol operably
linked to one or more DNA elements capable of opening
chromatin and/or maintaining chromatin in an open state. In
some embodiments, a kit according to the invention turther
comprises one or more of a cell line comprising a plurality of
host cells suitable for introduction of the first and/or the
second nucleic acid molecules and a transfection reagent or a
transiection device along with instructions for using the trans-
fection reagent or device, e.g., an electroporation device as
described herein.

In some embodiments, a kit according to the invention 1s
used for producing a therapeutic protein. In other embodi-
ments, the kit 1s used for producing an antibody or an antigen-
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binding fragment thereof. In some embodiments, the anti-
body 1s a monoclonal antibody.

In some embodiments, the one or more DNA elements
capable of opening chromatin and/or maintaining chromatin
in an open state 1n the kits of the invention are naturally
occurring DNA elements. In other embodiments, the one or
more DNA elements capable of opening chromatin and/or
maintaining chromatin in an open state are artificially synthe-
s1ized DNA elements. In yet other embodiments, the one or
more DNA elements capable of opening chromatin and/or
maintaining chromatin in an open state are a combination of
naturally occurring and artificially synthesized DNA ele-
ments.

In some embodiments, a kit according to the invention
includes one or more nucleic acid molecules comprising one
or more DNA elements capable of opening the chromatin
and/or maintaining the chromatin in an open state, where such
sequences are chosen from: (a) one or more an extended
methylation-free CpG 1slands; (b) one or more matrix attach-
ment regions; (¢) one or more stabilizing and antirepressor
regions; and (d) any combinations of (a)-(c). In some embodi-
ments, the one or more extended methylation-free CpG
islands are derived from the promoter region of one or more
ubiquitously expressed genes.

In some embodiments, a nucleotide sequence encoding the
anti-apoptotic protein in the kits according to the invention 1s
chosen from a nucleotide sequence encoding bcl-2; bel-x, ;
bcl-6; aven; survivin; xiap; hiapl; hap2; E1B-19K; P21;
myrPHK; HSV-1v1 34.5; and beclin, or a functional fragment
or homolog thereof.

The present invention further provides a host cell suitable
for producing a recombinant protein in the presence of
reduced levels of one or more contaminants. In some embodi-
ments, a host cell comprises: (a) a nucleic acid molecule
comprising a nucleotide sequence encoding a recombinant
protein operably linked to one or more DNA elements
capable of opening chromatin and/or maintaining chromatin
in an open state; and (b) a nucleic acid molecule comprising
a nucleotide sequence encoding at least one anti-apoptotic
protein or a functional fragment thereof operably linked to
one or more DNA elements capable of opening chromatin
and/or maintaining chromatin in an open state.

In some embodiments, a host cell includes one or more
DNA elements capable of opening chromatin and/or main-
taining chromatin 1n an open state, which are naturally occur-
ring DNA elements. In other embodiments, the one or more
DNA elements capable of opening chromatin and/or main-
taining chromatin 1n an open state are artificially synthesized
DNA elements. In yet other embodiments, the one or more
DNA elements capable of opening chromatin and/or main-
taining chromatin in an open state are a combination or natu-
rally occurring and artificially synthesized DNA elements. In
some embodiments, the one or more DNA elements capable
of opening the chromatin and/or maintaining the chromatin in
an open state are chosen from: (a) one or more an extended
methylation-free CpG 1slands; (b) one or more matrix attach-
ment regions; (¢) one or more stabilizing and antirepressor
regions; and (d) any combinations of (a)-(c). In some embodi-
ments, the one or more extended methylation-free CpG
islands are derived from the promoter region of one or more
ubiquitously expressed genes. In some embodiments, a host
cell according to the mvention includes anucleotide sequence
encoding a recombinant protein operably linked to a nucle-
otide sequence set forth i SEQ ID NO:1 and/or SEQ ID
NO:2, and a nucleotide sequence encoding an anti-apoptotic
protein or functional fragment thereot, also operably linked to
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a nucleotide sequence set forth in SEQ ID NO:1 and/or SEQ
ID NO:2., or homologs or fragments thereof.

In some embodiments, the host cells comprise a nucleotide
sequence encoding an anti-apoptotic protein chosen from
bcl-2; bel-x, ; bel-6; aven; survivin; x1ap; hiapl; hiap2; E1B-
19K; P21; myrPHK; HSV-1 v1 34.5; and beclin, or a func-
tional homolog or fragment thereof.

In some embodiments, a cell line according to the invention
comprises a plurality of host cells described herein. Exem-
plary host cells include mammalian host cells, e.g., a BHK21
cell, aCHO cell, a CHO-K1 cell,a CHO-DUXX cell, an NSO
cell or an Sp2/0 cell. In some embodiments, the mammalian

cell 1s a Chinese Hamster Ovary Cell (CHO cell).

In some embodiments, a host cell further comprises one or
more of: (a) a nucleotide sequence capable of enhancing
translation of the recombinant protein; (b) a nucleotide
sequence capable of increasing secretion of the recombinant
protein outside the cell; and (¢) a nucleotide sequence capable
of increasing the stability of the mRNA encoding the recom-
binant protein.

Also encompassed by the present invention are methods of

harvesting a recombinant protein produced using the methods
described herein. In some embodiments, a method of harvest-
ing a recombinant protein 1s provided, where such a method
does not employ the use of protein A. In some embodiments,
such a method employs one or more steps chosen from pre-
cipitation of the recombinant protein from a supernatant;
crystallization; high performance tangential tlow filtration
(HPTFF), flow through chromatography; and adsorption
chromatography. In some embodiments, a method of harvest-
ing the recombinant protein according to the invention
employs an adsorption chromatography step which 1s an 10n
exchange step. In some embodiments, a method of harvesting
the recombinant protein does not include contacting the pro-
tein with a stringent elution buffer. In other embodiments, a
method of harvesting a recombinant protein includes at least
one centrifugation step.

In some embodiments, the molar ratio of a recombinant
protein produced 1n the presence of an anti-apoptotic protein
or functional fragment thereof by a host cell according to the
invention to the one or more contaminants 1n a cell superna-
tant 1s mcreased by a statistically significant amount com-
pared to a cell which expresses the recombinant protein alone.
The anti-apoptotic protein or functional fragment thereof
may either be expressed by stably transfecting a nucleotide
sequence encoding the anti-apoptotic protein or functional
fragment thereof mnto a host cell which also expresses the
recombinant protein or such a host cell may be contacted with
an 1solated anti-apoptotic protein or functional fragment
thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s based, at least in part, on the
discovery that, recombinant proteins, when produced using
cell culture methods, are present in a mixture with one or
more contaminants such as, for example, host cell debris.
Accordingly, the present invention provides methods of
enriching for a recombinant protein by reducing the levels of
one or more contaminants.

In various embodiments the invention provides improved
methods of engineering transiected cell lines, e.g. stably
transiected cell lines, to produce optimal quantities of a
desired product, e.g. recombinant protein, while reducing the
cost and time 1nvolved 1n developing, screening and purifying
the product. These improvements are achieved, at least in
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part, by reducing the levels of one or more contaminants
present during the harvesting of the cell culture for 1solating,
a desired product.

[. DEFINITIONS

In order that the present disclosure may be more readily
understood, certain terms are first defined. Additional defini-
tions are set forth throughout the detailed description.

The terms “cell.” “cells,” “host cell,” and “host cells,” as
used herein, encompass animal cells and include invertebrate,
non-mammalian vertebrate and mammalian cells. Exemplary
non-mammalian vertebrate cells include, for example, avian
cells, reptilian cells and amphibian cells. Exemplary inverte-
brate cells include, but are not limited to, insect cells such as,
for example, caterpillar (Spodoptera frugiperda) cells, mos-
quito (dedes aegypti) cells, truittly (Drosophila melano-
gaster) cells, Schneider cells, and Bombyx mori cells. See,
¢.g., Luckow etal., Bio/Technology 6:47-55 (1988). The cells
may be differentiated, partially differentiated or undifferen-
tiated, e.g. stem cells, including embryonic stem cells and
hematopoietic stem cells. Additionally tissue samples derived
from organs or organ systems may be used according to the
ivention.

Exemplary mammalian cells include, for example, cells
derived from human, non-human primate, cat, dog, sheep.,
goat, cow, horse, pig, rabbit, rodents including mouse, ham-
ster, rat and guinea pi1g and include, but are not limited to,
BHK?21 cells, CHO cells, NSO cells, Sp2/0 cells, and any
derivatives and progenies thereof.

Additionally, hybridoma cells can also be used in the meth-
ods of the invention. The term “hybridoma” refers to a hybrnid
cell line produced by the fusion of an immortal cell line of
immunologic origin and an antibody producing cell. The term
encompasses progeny ol heterohybrid myeloma fusions,
which are the result of a fusion with human cells and a murine
myeloma cell line subsequently fused with a plasma cell,
commonly known as a trioma cell line. Furthermore, the term
1s meant to include any immortalized hybrid cell line which
produces antibodies such as, for example, quadromas. See,
¢.g., Milstein et al., Nature, 537:3053 (1983). The hybrid cell
lines can be of any species, including human, rabbit and
mouse.

In some embodiments, a cell line used in the methods of the
invention 1s an antibody-producing cell line. Antibody-pro-
ducing cell lines may be selected and cultured using tech-
niques well known to the skilled artisan. See, e.g., Current
Protocols in Immunology, Coligan et al., Eds., Green Pub-
lishing Associates and Wiley-Interscience, John Wiley and
Sons, New York (1991) which 1s herein incorporated by rei-
erence 1n 1ts entirety, including supplements.

In general, any cell suitable for recombinant protein
expression 1n cell culture can be used 1n the methods of the
invention.

In some embodiments, the cells used in the methods of the
present mvention may include a heterologous nucleic acid
molecule which encodes a desired recombinant protein, e.g.,
a therapeutic protein or antibody which 1s desired to be pro-
duced using the methods of the mvention. In a particular
embodiment, the methods of the present invention are useful
for producing high titers of a desired recombinant protein,
¢.g., a therapeutic protein or antibody, in the presence of
reduced levels of one or more contaminants.

The term “cell culture,” refers to cells grown 1n suspension,
roller bottles, flasks and the like. Large scale approaches,
such as bioreactors, including adherent cells growing
attached to microcarriers in stirred fermentors, are also
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encompassed by the term ““cell culture.” Moreover, it 1s pos-
sible to not only to culture contact-dependent cells, but also to
use the suspension culture techmques 1n the methods of the
claimed 1nvention. Exemplary microcarriers include, for
example, dextran, collagen, plastic, gelatin and cellulose and
others as described 1n Butler, Spier & Gnfliths, Animal cell
Biotechnology 3:283-303 (1988). Porous carriers, such as, for
example, Cytoline® or Cytopore®, as well as dextran-based
carriers, such as DEAE-dextran (Cytodex 1®), quaternary
amine-coated dextran (Cytodex 2®) or gelatin-based carriers,
such as gelatin-coated dextran (Cytodex 3®) may also be
used. Cell culture procedures for both large and small-scale
production of proteins are encompassed by the present inven-
tion. Procedures including, but not limited to, a fluidized bed
bioreactor, hollow fiber bioreactor, roller bottle culture, or
stirred tank bioreactor system may be used, with or without
microcarriers, and operated alternatively 1n a batch, fed-
batch, or perfusion mode.

The terms “cell culture medium,” and “culture medium”
refer to a nutrient solution used for growing animal cells, e.g.,
mammalian cells. Such a nutrient solution generally includes
various lactors necessary for cell attachment, growth, and
maintenance of the cellular environment. For example, a typi-
cal nutrient solution may include a basal media formulation,
various supplements depending on the cell type and, occa-
sionally, antibiotics. In some embodiments, a nutrient solu-
tion may include at least one component from one or more of
the following categories: 1) an energy source, usually in the
form of a carbohydrate such as glucose; 2) all essential amino
acids, and usually the basic set of twenty amino acids plus
cystine; 3) vitamins and/or other organic compounds required
at low concentrations; 4) free fatty acids; and 3) trace ele-
ments, where trace elements are defined as 1norganic com-
pounds or naturally occurring elements that are typically
required at very low concentrations, usually in the micromo-
lar range. The nutrient solution may optionally be supple-
mented with one or more components from any of the fol-
lowing categories: 1) hormones and other growth factors as,
for example, insulin, transierrin, and epidermal growth fac-
tor; 2) salts and butlers as, for example, calcium, magnesium,
and phosphate; 3) nucleosides and bases such as, for example,
adenosine and thymidine, hypoxanthine; and 4) protein and
tissue hydrolysates. In general, any suitable cell culture
medium may be used. The medium may be comprised of
serum, €.g. fetal bovine serum, calf serum or the like. Alter-
natively, the medium may be serum free, animal free, or
protein iree.

The terms “operably linked” and “operatively linked,” as
used interchangeably herein, refer to the positioning of two or
more nucleotide sequences or sequence elements 1n a manner
which permits them to function in their intended manner. In
some embodiments, a nucleic acid molecule according to the
invention includes one or more DNA elements capable of
opening chromatin and/or maintaining chromatin 1n an open
state operably linked to a nucleotide sequence encoding a
recombinant protein. In other embodiments, a nucleic acid
molecule includes one or more DNA elements capable of
opening chromatin and/or maintaining chromatin 1n an open
state operably linked to a nucleotide sequence encoding an
apoptotic protein or a functional fragment thereof. In still
other embodiments, a nucleic acid molecule may additionally
include one or more nucleotide sequences chosen from: (a) a
nucleotide sequence capable of increasing translation; (b) a
nucleotide sequence capable of increasing secretion of the
recombinant protein outside a cell; and (¢) a nucleotide
sequence capable of increasing the mRNA stability, where
such nucleotide sequences are operatively linked to a nucle-
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otide sequence encoding a recombinant protein. Generally,
but not necessarily, the nucleotide sequences that are oper-
ably linked are contiguous and, where necessary, in reading
frame. However, although an operably linked DNA element
capable of opening chromatin and/or maintaining chromatin
in an open state 1s generally located upstream of a nucleotide
sequence encoding a recombinant protein or a nucleotide
sequence encoding an apoptotic protein or functional frag-
ment thereot, 1t 1s not necessarily contiguous with it. Oper-
able linking of various nucleotide sequences 1s accomplished
by recombinant methods well known 1n the art, e.g. using
PCR methodology, by ligation at suitable restrictions sites or
by annealing. Synthetic oligonucleotide linkers or adaptors
can be used 1n accord with conventional practice if suitable
restriction sites are not present.

The term “expression” as used herein refers to transcrip-
tion and/or translation of a nucleotide sequence within a host
cell. The level of expression of a desired product in a host cell
may be determined on the basis of either the amount of
corresponding mRINA that1s present in the cell, or the amount
of the desired polypeptide encoded by the selected sequence.
For example, mRNA transcribed from a selected sequence
can be quantitated by Northern blot hybridization, ribonu-
clease RNA protection, 1n situ hybridization to cellular RNA
or by PCR. Proteins encoded by a selected sequence can be
quantitated by various methods including, but not limited to,
¢.g., ELISA, Western blotting, radioimmunoassays, immuno-
precipitation, assaying for the biological activity of the pro-
tein, or by immunostaining of the protein followed by FACS
analysis.

The term “recombinant protein™ or “recombinant polypep-
tide” produced by the methods of the invention generally
refers to a peptide or protein, typically more than about ten
amino acids in length produced by cells 1n culture using
methods of the invention. A polypeptide produced by the
methods of the invention 1s typically exogenous, 1.e., heter-
ologous or foreign, to the cells producing the polypeptide.
Exemplary polypeptides produced by cells in culture using
methods of the present invention include therapeutic proteins
and antibodies and antigen binding fragments thereof. Also
encompassed by the present invention are fusion proteins.

The term “immunoglobulin™ or “antibody” (used inter-
changeably herein) refers to a protein having a basic four-
polypeptide chain structure consisting of two heavy and two
light chains, said chains being stabilized, for example, by
interchain disulfide bonds, which has the ability to specifi-
cally bind antigen. The term ““single-chain immunoglobulin™
or “single-chain antibody” (used interchangeably herein)
refers to a protein having a two-polypeptide chain structure
consisting ol a heavy and a light chain, said chains being
stabilized, for example, by interchain peptide linkers, which
has the ability to specifically bind antigen. The term
“domain” refers to a globular region of a heavy or light chain
polypeptide comprising peptide loops (e.g., comprising 3 to 4
peptide loops) stabilized, for example, by [-pleated sheet
and/or 1intrachain disulfide bond. Domains are further
referred to herein as “constant’ or “variable”, based on the
relative lack of sequence varniation within the domains of
various class members 1n the case of a “constant” domain, or
the significant variation within the domains of various class
members 1n the case of a “variable” domain. Antibody or
polypeptide “domains™ are often referred to interchangeably
in the art as antibody or polypeptide “regions”. The *“con-
stant” domains of an antibody light chain are referred to
interchangeably as “light chain constant regions”, “light
chain constant domains”, “CL” regions or “CL” domains.
The “constant” domains of an antibody heavy chain are
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referred to interchangeably as “heavy chain constant
regions’’, “heavy chain constant domains”, “CH” regions or
“CH” domains). The *“variable” domains of an antibody light
chain are referred to interchangeably as “light chain vaniable
regions”’, “light chain variable domains™, “VL” regions or
“VL” domains). The “variable” domains of an antibody
heavy chain are referred to interchangeably as “heavy chain
constant regions”, “heavy chain constant domains”, “VH”
regions or “VH” domains). Immunoglobulins or antibodies
may be monoclonal or polyclonal and may exist in mono-
meric or polymeric form, for example, IgM antibodies which
ex1st 1n pentameric form and/or IgA antibodies which exist in
monomeric, dimeric or multimeric form. The term “frag-
ment” refers to a part or portion of an antibody or antibody
chain comprising fewer amino acid residues than an intact or
complete antibody or antibody chain. Fragments can be
obtained via chemical or enzymatic treatment of an intact or
complete antibody or antibody chain. Fragments can also be
obtained by recombinant means. Exemplary Iragments
include Fab, Fab', F(ab')2, Fabc and/or Fv fragments.

The term “antigen-binding fragment”™ refers to a polypep-
tide portion of an immunoglobulin or antibody that binds
antigen or competes with intact antibody (1.e., with the intact
antibody from which they were dertved) for antigen binding
(1.e., specific binding). Binding fragments can be produced by
recombinant DNA techniques, or by enzymatic or chemical
cleavage of intact immunoglobulins. Binding fragments
include Fab, Fab', F(ab'),, Fabc, Fv, single chains, and single-
chain antibodies.

The terms “polynucleotide” and “nucleic acid molecule,”
used interchangeably herein, refer to a polymeric form of
nucleotides of any length, either ribonucleotides or deoxyri-
bonucleotides. These terms include a single-, double- or
triple-stranded DNA, genomic DNA, cDNA, RNA, DNA-
RNA hybrid, or a polymer comprising purine and pyrimidine
bases, or other natural, chemically, biochemically modified,
non-natural or derivatized nucleotide bases. The backbone of
the polynucleotide can comprise sugars and phosphate
groups (as may typically be found in RNA or DNA), or
modified or substituted sugar or phosphate groups. In addi-
tion, a double-stranded polynucleotide can be obtained from
the single stranded polynucleotide product of chemical syn-
thesis either by synthesizing the complementary strand and
annealing the strands under appropriate conditions, or by
synthesizing the complementary strand de novo using a DNA
polymerase with an appropriate primer. A nucleic acid mol-
ecule can take many different forms, €.g., a gene or gene
fragment, one or more exons, one or more introns, mRNA,
tRNA, rRNA, ribozymes, cDNA, recombinant polynucle-
otides, branched polynucleotides, plasmids, vectors, 1solated
DNA of any sequence, 1solated RNA of any sequence, nucleic
acid probes, and primers. A polynucleotide may comprise
modified nucleotides, such as methylated nucleotides and
nucleotide analogs, uracyl, other sugars and linking groups
such as fluororibose and thioate, and nucleotide branches. As
used herein, “DNA” or “nucleotide sequence”™ includes not
only bases A, T, C, and G, but also includes any of their
analogs or modified forms of these bases, such as methylated
nucleotides, internucleotide modifications such as uncharged
linkages and thioates, use of sugar analogs, and modified
and/or alternative backbone structures, such as polyamaides.
In a particular embodiment, a nucleic acid molecule com-
prises a nucleotide sequence encoding a recombinant protein
such as, for example, a therapeutic protein or an antibody. In
another embodiment, a nucleic acid molecule comprises a
nucleotide sequence encoding an anti-apoptotic protein or a
functional fragment thereof.
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The term “anti-apoptotic protein,” as used herein, refers to
any protein or functional fragment thereof, which i1s encoded
by an anti-apoptotic gene and/or has the ability to reduce,
prevent or reverse one or more cellular responses associated
with apoptosis. Apoptosis 1s known as an active cellular sui-
cide program activated as a result of either extrinsic or intrin-
sic signals, such as serum deprivation, nutrient limitation,
oxygen limitation and mechanical stress. Apoptosis 1s char-
acterized by plasma membrane blebbing, cell volume loss,
nuclear condensation, and endonuleolytic degradation of
DNA atnucleosomal intervals. Accordingly, in some embodi-
ments, an anti-apoptotic protein or functional fragment
thereot 1s capable of reducing, preventing or reversing one or
more ol plasma membrane blebbing, cell volume loss,
nuclear condensation, and endonuleolytic degradation of
DNA at nucleosomal intervals 1n a cell. In some embodi-
ments, an anti-apoptotic protein or functional fragment
thereol enhances survival of a cell in which 1t 1s expressed. In
some embodiments, an anti-apoptotic protein or functional
fragment thereot 1s expressed 1n a host cell by introducing a
nucleic acid molecule comprising a nucleotide sequence
encoding the anti-apoptotic protein or functional fragment
thereol operably linked to a DNA element capable of opening,
chromatin and/or maintaining chromatin 1 an open state.
Exemplary nucleotide sequences include, but are not limited

to, nucleotide sequences encoding for bel-2 (Genbank Acces-
sion No. M14745); bcl-x,; bel-6; (Genbank Accession No.

U001151); survivin; xiap (Genbank Accession No.
NM_ 001167); hiapl; hiap2; aven (Genbank Accession No.
NM_ 020371, SEQ ID NOs:5 and 6); E1B-19K (SEQ ID
NO:7); P21; myrPHK; HSV-1 v1 34.5; and beclin (Genbank
Accession No. NM_ 0037766), or a functional homolog or
fragment thereol. In some embodiments, host cells are con-
tacted with an 1solated anti-apoptotic protein or functional
homolog or fragment thereof. The functional anti-apoptotic
activity of an anti-apoptotic protein, homolog or fragment
thereol can be readily determined using one or more assays
known in the art and those described herein. Exemplary
assays include TUNEL assay, Annexin V assay, caspase
assays, acridine orange/ethidium bromide staining or pro-
pidium 1odide/acridine orange staining using fluorescence
microscopy or flow cytometry analysis (see, e.g., Current
Protocols in Cytometry, John Wiley & Sons, Inc.).

The term “a DNA element capable of opening chromatin
and/or maintaining chromatin in an open state” refers to any
DNA sequence or element which has the ability to make
chromatin more accessible to transcription factors and facili-
tate reproducible expression of an operably-linked gene,
where such a DNA sequence or element 1s not derived from a
locus control region. Open chromatin or chromatin in an open
state refers to chromatin in a de-condensed state and 1s also
referred to as euchromatin. Condensed chromatin 1s also
referred to as heterochromatin. Chromatin in a closed (con-
densed) state 1s transcriptionally silent. Whereas, chromatin
in an open (de-condensed) state 1s transcriptionally compe-
tent. The establishment of an open chromatin structure 1s
characterized by DNase I sensitivity, DNA hypomethylation
and histone hyperacetylation. Standard methods for 1dentitfy-

ing open chromatin are well known to those skilled 1n the art
and are described 1n Wu, 1989, Meth. Enzymol., 170, 269-

289:; Crane-Robinson et al., 1997, Methods, 12, 48-56; Rein
ctal., 1998, N. 4. R, 26, 2255-2264.

A “locus control region” (LCR) refers to a genetic element
which 1s obtained from a tissue-specific locus of a eukaryotic
host cell and which, when linked to a gene of interest and
integrated into a chromosome of a host cell, confers tissue-
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specific, mtegration site-independent, copy number-depen-
dent expression on the gene of interest.

Reproducible expression means that the DNA element
when operably-linked to a gene of interest gives substantially
the same level of expression of the operably-linked gene over
an extended period of time 1rrespective of 1ts chromatin envi-
ronment and 1rrespective of the cell type. In some embodi-
ments, substantially the same level of expression means a
level of expression which has a standard deviation from an
average value of less than 48%, or less than 40%, or less than
25% on aper-gene-copy basis. Alternatively, substantially the
same level of expression means that the level of expression
varies by less than 10 fold, less than 5 fold, or less than 3 fold
on a per gene copy basis. In some embodiments, a DNA
clement capable of opening chromatin and/or maintaining
chromatin 1n an open state increases the expression of an
operably-linked gene by at least 2 fold, or at least 3 fold, or at
least 4 fold, or at least 5 fold, or at least 10 fold, or at least 20
fold, or at least 30 fold, or at least 40 fold, or at least 50 fold,
or at least 60 fold, or at least 70 fold, or at least 80 fold, or at
least 90 fold, or at least 95 fold, or at least 100 fold, or at least
150 fold, or at least 200 fold, or more, relative to the expres-
s1ion without such an operably-linked DNA element. In some
embodiments, a DNA element capable of opening chromatin
and/or maintaining chromatin 1 an open state obtains a
reproducible expression of an operably-linked gene over an
extended period of time. For example, 1n some embodiments,
an operably-linked gene 1s expressed at substantially the same
level over a period of at least 5 days, 10 days, or at least 15
days, or at least 20 days, or atleast 30 days, or at least 40 days,
or at least 45 days, or at least 60 days, or at least 70 days, or at
least 80 days, at least 90 days or more, relative to the expres-
sion level when the gene 1s not operably-linked to a DNA
clement capable of opening chromatin and/or maintaining
chromatin 1n an open state. In other embodiments, an oper-
ably-linked gene i1s expressed at higher levels over an
extended period of time relative to the levels when the gene 1s
not operably-linked to a DNA element capable of opening
chromatin and/or maintaining chromatin 1 an open state.
Exemplary DNA elements capable of opening chromatin and/
or maintaining chromatin in an open state include, but are not
limited to, extended methylation-free CpG 1slands derived
from the promoter regions ol ubiquitously expressed genes
(UCOEs), matrix and/or scaiffolding attachment regions
(MARSs) and stabilizing and antirepressor regions (STARs).
One skilled 1n the art can readily identify such DNA elements
using well known assays 1n the art and those described herein.

In some embodiments, a DNA element capable of opening,
chromatin and/or maintaining chromatin 1n an open state 1s a
naturally occurring DNA element. By naturally occurring
DNA element, 1t 1s meant that the DNA element occurs 1n
nature, e.g., 1t 1s 1solated from the promoter region of a ubig-
uitously expressed gene, and 1ts sequence 1s not altered from
the naturally occurring sequence.

In other embodiments, a DNA element capable of opening,
chromatin and/or maintaining chromatin in an open state 1s an
artificially synthesized DNA element. By artificially synthe-
sized, 1t 1s meant that the DNA element does not occur 1n
nature, e.g., a DNA eclement 1solated from the promoter
region of a ubiquitously expressed gene which 1s combined
with a second DNA element isolated from the promoter
region ol another ubiquitously expressed gene, thereby
resulting 1n an artificial construct, as the two elements do not
normally occur together in nature. Alternatively, a DNA ele-
ment may be modified 1n sequence using various techniques
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well known 1n the art from its naturally occurring sequence,
thereby resulting 1n a DNA element that does not normally
occur 1n nature.

In yet another embodiment, a DNA element capable of
opening chromatin and/or maintaining chromatin 1n an open
state 1s a combination of naturally occurring and artificially
synthesized DNA elements.

The term “methylation-free CpG 1sland” refers to CpG-
islands have an average GC content of approximately 60%,
compared with a 40% average in bulk DNA. One skilled 1n the
art can easily identity CpG-1slands using standard techniques
such as restriction enzymes specific for C and G sequences,
which are well known in the art. Exemplary methods for the
identification of CpG 1slands can be found 1n, e.g., Gardiner-
Gardenetal., J Mol Biol. 1987,196:261-82, incorporated by
reference herein, and using computer programs such as CpG-
plot which are readily available to one of ordinary skill 1n the
art for analyzing and 1dentitying CpG 1slands.

The term “an extended methylation-free CpG 1sland,” as
used herein, refers to a methylation-free CpG 1sland which 1s
at least 300 bp, or atleast 500 bp, or at least 1000 bp, or at least
1500 bp, or at least 2000 bp, or at least 2500 bp, or at least
3000 bp 1n length and 1s derived from the promoter region of
a ubiquitously expressed gene. Such 1slands are well known
in the art and are described 1n detail in U.S. Pat. Nos. 6,964,
951; 6,689,606; 6,881,556; and 6,949,361 and PCT Applica-
tion Publication No. WO 2004/067701, each of which 1s
incorporated by reference herein 1n their entirety.

In some embodiments, an extended methylation-free CpG
1sland includes one or more transcription factor binding sites.
In other embodiments, an extended methylation-iree CpG
1sland includes a promoter and/or enhancer sequence. In yet
other embodiments, an extended methylation-free CpG
1sland includes a dual or bi-directional promoter. Although an
extended methylation-free CpG 1sland may include a pro-
moter, as used herein, such islands are typically used in con-
junction with one or more heterologous promoters which are
not typically associated with the 1sland, e.g., human or guinea
pig CMV promoter. In some embodiments, a heterologous
promoter replaces the endogenous promoter found within the
CpG 1sland.

Extended methylation-free CpG 1slands can be defined,
¢.g., by identifying the borders of such i1slands. For example,
the borders of the extended methylation-iree CpG 1slands can
be defined through the use of PCR in combination with
restriction endonuclease enzymes whose ability to digest
(cut) DNA at their recognition sequence 1s sensitive to the
methylation status of any CpG residues that are present. One
such enzyme 1s Hpall, which recognizes and digests at the site
CCGG, which 1s commonly found within CpG islands, but
only 11 the central CG residues are not methylated. Therefore,
PCR conducted with Hpall-digested DNA and over a region
harboring Hpall sites, does not give an amplification product
due to Hpall digestion 1f the DNA 1s unmethylated. The PCR
will only give an amplified product if the DNA 1s methylated.
Therefore, beyond the methylation-free region, Hpall will
not digest the DNA a PCR amplified product will be observed
thereby defining the boundaries of the “extended methyla-
tion-iree CpG 1sland.”

Exemplary extended methylation-free CpG 1slands
include, but are not limited to, those derived from the pro-

moter regions of the human RNPA2 gene (SEQ 1D NOs:2, 3
and 4), RPS3 gene (Accession No. NM012032; SEQ ID
NO:1), RPL4 gene (Accession No. NT__039474), RPL5 gene
(NT__039308), RPL10a gene (Accession No. NT__039649),
RPL13a gene (Accession No. NT__039420), RPL19 gene
(Accession No. NT__039521), RPL24 gene (Accession No.
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NT__096987), RPL27a gene (Accession No. NT__039433),
Terf21p gene (Accession No. AB041557), human glycerylde-
hyde-3 phosphate dehydrogenase gene (Accession No.
M32599), tubulin alpha-1 chain gene (Accession No.
M13445), and RPS11 gene (Accession No. AK011207).
Additional examples of ubiquitously expressed or house-
keeping genes can be found 1n, e.g., Trends in Genetics 19,
362-365 (2003), incorporated by reference herein.

The term “matrix attachment region,” or “scatiold attach-
ment region,” or “scatlold/matrix attachment region,” or
“MAR” or “S/MAR.” as used interchangeably herein, refers
to a DNA element which 1s capable of binding isolated
nuclear scafiolds or nuclear matrices 1n vitro with high aflin-
ity. (See, e.g., Hart and Laemmli (1988) Curr. Opin. Genet.
Dev., 8:519-525). It has been reported that MAR DNA ele-
ments can increase expression of a heterologous gene 1n cell
culture. (See, e.g., Kalos and Fournier (1995) Mol. Cell Biol.
15:198-207; Phi-Van et al. (1990) Mol. Cell Biol. 10:2302-
2307; Klehr et al. (1991) Biochemistry 30:1264-12770; and
Poljak et al. (1994) Nuc. Acid Res. 22:4386-4394). Exem-
plary MAR DNA elements can be found 1n, for example, U.S.
Pat. No. 7,129,062, incorporated by reference herein 1n 1ts
entirety. In a particular embodiment, a MAR element used 1n
the methods of the mvention 1s a chicken lysozyme MAR
element, as set forth 1n U.S. Pat. No. 7,129,062, and func-
tional fragments thereof. One skilled 1n the art can readily
identify M AR elements based on the well known assays inthe
art coupled with those described herein, e.g., those described
in Mesner et al. (2003) Proc. Natl. Acad. Sci., 3281-3286 and
Weber et al., Mol Cell Biol. (2003) December; 23(24): 8933-
8059. In another embodiment, a MAR DNA element used 1n
the methods of the mvention 1s a human 3-globin MAR ele-
ment. Exemplary MAR DNA elements which may be used in
the methods of the invention are set forth in SEQ ID NOs:11-
14.

The term ““stabilizing and antirepressor region” or “STAR”
refers to a DNA element which has the ability to block het-
erochromatin-mediated transgene expression. STAR DNA
clements can be readily identified using known techniques for
assaying lfor gene transcription modulating properties of
DNA elements, e.g., those described in W0O03/004704, WO
2004/056986 and EP01202581.3, incorporated by reference
herein 1n their entirety. Non-limiting examples of STAR

sequences which may be used in the methods of 1nvention
include sequence set forth in SEQ. ID. NOs. 1-66 in US Patent

Publication No. 20060141577.

The term ““a nucleotide sequence capable of 1ncreasing
translation” refers to a nucleotide sequence which 1s capable
of increasing the synthesis of a polypeptide from an mRNA.
An increase 1n synthesis of the polypeptide can either be an
increase in the overall amount of the polypeptide produced or
an 1ncrease 1n the rate of synthesis of the polypeptide. In one
embodiment, a nucleotide sequence capable of increasing
translation 1s operably linked to a nucleotide sequence encod-
ing a recombinant protein. The ability of the nucleotide
sequence capable of increasing translation and be measured
by assaying for an increase in the amount of the recombinant
protein produced 1n the presence of the nucleotide sequence
capable of increasing translation or by the rate of synthesis of
the recombinant protein over time.

The term ““a nucleotide sequence capable of 1ncreasing
secretion” refers to a nucleotide sequence, which when oper-
ably linked to a nucleotide sequence encoding a protein, has
the ability to promote secretion of the protein outside the cell.
Typically, such a nucleotide sequence comprises an appropri-
ate native or heterologous signal peptide (leader sequence).
The choice of signal peptide or leader depends on the type of
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host cells in which the recombinant protein 1s to be produced,
and a heterologous signal peptide can replace the native sig-
nal sequence. Exemplary sequences which may be used 1n the
methods of the mnvention include, for example, a signal pep-
tide dertved from a luciferase gene from Gaussia princeps
(Genbank Accession No. AY015993). Nucleotide sequences
which are capable of increasing secretion, also referred to as
signal peptide sequences, can be i1dentified using software
programs well known in the art, such as, for example, SignalP
Server (http://www.cbs.dtu.dk/services/SignalP).

The term “a nucleotide sequence capable of increasing
mRNA stability,” as used herein, refers to a nucleotide
sequence, which when operably linked to a nucleotide
sequence encoding a recombinant protein, increases the hali-
life of the mRNA which 1s translated into the recombinant
protein. Typically, such nucleotide sequences are derived
from the 3' or 5' untranslated regions (or UTRs) of genes.

II. EXEMPLARY CELLS

Without wishing to be bound by theory, 1t 1s contemplated
that any cell line which 1s capable of producing a recombinant
protein may be used i1n the methods of the invention. In a
particular embodiment, cells used in the methods of the
invention are transiected with a nucleic acid molecule com-
prising a nucleotide sequence encoding a recombinant
polypeptide, e.g., a therapeutic protein or an antibody. In a
particular embodiment, the cells used 1n the methods of the
invention are eukaryotic cells, e.g., mammalian cells.
Examples of mammalian cells include, but are not limited to,
for example, monkey kidney CV1 line transformed by SV40
(COS-7, ATCC CRL 1651); human embryonic kidney line
(293 or 293 cells subcloned for growth 1n suspension culture,
Graham et al., J. Gen Virol., 36:59 (1977)); baby hamster
kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary
cells/~=DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad.
Sci. USA, 77:4216 (1980)); mouse sertoli cells (M4, Mather,
Biol. Reprod., 23:243-251 (1980)); monkey kidney cells
(CV1 ATCC CCL 70); African green monkey kidney cells
(VERO-76, ATCC CRL-1587); human cervical carcinoma
cells (HeLa, ATCC CCL 2); canine kidney cells (MDCK,
ATCC CCL 34); buttfalo rat liver cells (BRL 3A, ATCC CRL
1442); human lung cells (W 138, ATCC CCL 75); human liver
cells (Hep G2, HB 8065); mouse mammary tumor (MMT
060562, ATCC CCL51); TRI cells (Mather et al., Annals N.Y.
Acad. Sci., 383:44-68 (1982)); MRC 5 cells; FS4 cells; NSO
mouse myeloma cells (ECACC,; SIGMA) and a human
hepatoma line (Hep G2). Additional examples of useful cell
lines include, but are not limited to, HT1080 cells (ATCC
CCL 121), MCF-7 breast cancer cells (ATCC BTH 22),
K-562 leukemia cells (ATCC CCL 243), KB carcinoma cells
(ATCC CCL 17), 2780AD ovarian carcinoma cells (see Van
der Blick, A. M. et al., Cancer Res. 48:5927-5932 (1988),
Raji cells (ATCC CCL 86), Jurkat cells (ATCC TIB 152),
Namalwa cells (ATCC CRL 1432), HL-60 cells (ATCC CCL
240), Daudi cells (ATCC CCL 213), RPMI 8226 cells (ATCC
CCL 155), U-937 cells (ATCC CRL 1593), Bowes Mela-
noma cells (ATCC CRL 9607), WI-38VA13 subline 2R4 cells
(ATCC CLL 75.1), and MOLT-4 cells (ATCC CRL 1582), as
well as heterohybridoma cells produced by fusion of human
cells and cells of another species. These and other cells and
cell lines are available commercially, for example from the
American Type Culture Collection (Virginia, USA). Many
other cell lines are known 1n the art and will be familiar to the
ordinarily skilled artisan; such cell lines therefore can be used
equally well 1n the methods of the present mvention. In a
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particular embodiment, cells used i1n the methods of the
invention are CHO cells or NSO cells.

Hybridomas and antibody-producing cells may also be
used 1n the methods of the invention.

III. EXEMPLARY NUCLEOTIDE SEQUENC

AND VECTORS

1]
P

In some embodiments, a first nucleic acid comprising a
nucleotide sequence encoding a recombinant protein of inter-
est 1s introduced into a host cell, along with a second nucleic
acid molecule comprising a nucleotide sequence encoding an
anti-apoptotic protein or functional fragment thereof. For
example, a first nucleic acid molecule comprising a nucle-
otide sequence encoding a desired recombinant protein of
interest 1s cloned into a suitable expression vector, which
includes the nucleotide sequence encoding the recombinant
protein operably linked to a DNA element capable of opening
chromatin and/or maintaining chromatin 1 an open state.
Additionally, a second nucleic acid molecule comprising a
nucleotide sequence encoding an anti-apoptotic protein or
functional fragment thereof 1s cloned into the same expres-
s10n vector as the recombinant protein or a different expres-
s10n vector, where the nucleotide sequence encoding the anti-
apoptotic protein or functional fragment thereof 1s also
operably linked to a DNA element capable of opening chro-
matin and/or maintaining chromatin in an open state.

Any suitable vector may be used according to the mven-
tion. Nucleotide sequences can be stably integrated into the
host cell genome using, for example, retroviral (Miller, 1992,
Curr. Top. Microbiol. Immunol. 158:1; Miller et al., 1993,
Meth. Enzyvmol. 21°7: 381) or adeno-associated viral (MV)
vectors (Muzyczka, 1992, Curr. Top. Microbiol. Immunol.,
158: 97; Flotte and Carter, 1995, Gene Ther. 2: 357). Alter-
natively, nucleotide sequences encoding proteins can be
incorporated within self-replicating episomal vectors com-

prising viral origins of replication such as those from EBV
(Yates et al., 1985, Nature 313: 812), human papovavirus BK

(De Benedetti and Rhoads, 1991, Nucl. Acids Res., 19: 1925;
Cooper and Miron, 1993, Hum. Gene Ther. 4: 557; and BPV-1
(Piuirsoo et al., 1996, EMBO J. 15:1).

Vectors and methods for genetically engineering cells and/
or cell lines to express a protein of interest are well known to
those skilled 1n the art; for example, various techniques are
illustrated 1n Current Protocols in Molecular Biology,
Ausubel et al., eds. (Wiley & Sons, New York, 1988, and
quarterly updates); Sambrook et al., Molecular Cloning: A
Laboratory Manual (Cold Spring Laboratory Press, 1989)
and Kaufman, R. J., Large Scale Mammalian Cell Culture
(1990, pp. 15-69).

Additional regulatory sequences may also be included 1n
the expression vectors described herein. These may be
derived from mammalian, microbial, viral, and/or insect
genes. Examples of regulatory sequences include transcrip-
tional promoters, operators, and enhancers, ribosome binding
sites (see e.g. Kozak (1991), J. Biol. Chem. 266:19867-70),
sequences that can control transcriptional and translational
termination, and polyadenylation signals (see e.g.
McLauchlan et al. (1988), Nucleic Acids Res. 16:5323-33). In
some embodiments, expression vectors used in the methods
of the mvention include a human or a guinea pi1ig CMYV pro-
moter.

Some commonly used promoter and enhancer sequences
are dertved from viral genomes, for example polyoma virus,
adenovirus 2, simian virus 40 (SV40), and human cytomega-
lovirus. For example, the human CMYV promoter/enhancer of
immediate early gene 1 may be used (see, e.g., Patterson et al.
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(1994), Applied Microbiol Biotechnol. 40:691-98). DNA
sequences dermved from the SV40 viral genome, for example,
SV40 origin, early and late promoter, enhancer, splice, and
polyadenylation sites can be used to provide other genetic
clements for expression of a polypeptide 1n a eukaryotic host
cell. Viral early and late promoters are particularly useful
because both are easily obtained from a viral genome as a
fragment, which can optionally also contain a viral origin of

replication (Fiers et al. (1978), Nature 2°73:113; Kaufman
(1990), Meth. in Enzymol 185:487-511). Smaller or larger
SV40 fragments can also be used.

In some embodiments, a nucleotide sequence encoding a
recombinant protein i1s operably-linked to one or more nucle-
otide sequences chosen from: (a) a nucleotide sequence
capable of increasing translation; (b) a nucleotide sequence
capable of increasing secretion; and (¢) anucleotide sequence
capable of increasing mRNA stability.

Additional control sequences shown to improve expression
of heterologous genes from mammalian expression vectors
include such elements as the expression augmenting

sequence element (EASE) derived from CHO cells (Morris et
al., Animal Cell Technology, pp. 529-334 (1997);, U.S. Pat.

No. 6,312,951 B I; U.S. Pat. No. 6,027,915; U.S. Pat. No.
6,309,841 B 1) and the tripartite leader (TPL) and VA gene
RNAs from Adenovirus 2 (Gingeras et al. (1982), J Biol.
Chem. 257:13475-13491) and Internal ribosome entry site
(IRES) sequences that allow mRNAs to be translated eili-
ciently.

A gene encoding a selectable marker 1s often used to facili-
tate the 1dentification of recombinant cells. Selection of trans-
formants can be performed using methods such as, for
example, the dihydrofolate reductase (DHTR) selection
scheme or resistance to cytotoxic drugs (see, e.g., Kaufman et
al. (1990), Meth. in Enzymology 185:487-311). A smitable cell
line for DHFR selection can be, for example, CHO line DX-B
11, which 1s deficient in DHFR (see, e.g., Urlaub and Chasin
(1980), Proc. Natl Acad. Sci. USA 77:4216-4220). Other
examples of selectable markers include those conferring
resistance to antibiotics, such as G418 and hygromycin B.

In certain embodiments of the invention, a gene encoding,
for a selectable marker 1s not necessary due to the use of a
DNA element capable of opening chromatin and/or maintain-
ing chromatin in an open state, as pools of cells can be used
instead of having to select a particular clone which expresses
a recombinant protein.

In some embodiments, an exogenous nucleic acid which 1s
used for producing a protein by the methods according to the
invention 1s 1solated from a ¢cDNA library or a genomic
library. For example, in order to 1solate a nucleic acid encod-
ing a protein of interest, a cDNA library may be screened with
probes designed to 1dentily the gene or a cDNA clone encod-
ing the protein. For cDNA expression libraries, suitable
probes include monoclonal or polyclonal antibodies that rec-
ognize and specifically bind to the protein of interest; oligo-
nucleotides of about 20-80 bases 1n length that encode known
or suspected portions of the protein from the same or different
species; and/or complementary or homologous cDNAs or
fragments thereot for the same or a similar gene. Appropriate
probes for screening genomic DNA libraries include, but are
not limited to, oligonucleotides, cDNAs, or fragments thereof
that encode the same or a similar gene, and/or homologous
genomic DNAs or fragments thereof. Screening the cDNA or
genomic library with the selected probe may be conducted
using standard procedures as described in chapters 10-12 of
Sambrook et al., Molecular Cloning: A Laboratory Manual

(New York: Cold Spring Harbor Laboratory Press, 1989).
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In various embodiments described herein, particular
sequences described herein as well as homologs and frag-

ments of such sequences can be used 1n the methods of the
invention, so long as they have the desired activity. For
example, in some embodiments, sequences that are at least
70% 1dentical, or at least 80% 1dentical, or at least 90%
identical, or at least 95% or more identical, to particular
sequences encompassed by the present invention are useful 1n
the methods of the imvention.

L]
p

IV. EXEMPLARY ANTI-APOPTOTIC GEN.

AND PROTEINS

There are two general ways by which cells die. An easily
recognized pathway 1s necrosis, a process of cell death usu-
ally resulting from severe and sudden injury. In necrosis,
changes 1n cellular homeostasis occur with loss of membrane
integrity. Deregulation of osmotic pressure results and cells
swell and finally rupture. The cellular contents are then
spilled into the surrounding tissue space and, usually, an
inflammation response ensues. This may be contrasted with a
second form of cell death, apoptosis.

Apoptosis or the cell “suicide” pathway or “programmed
cell death™ often occurs rapidly and 1s a process 1n the cell
actively participates 1n 1ts own demise. Apoptosis 1s defined
predominantly by morphological criteria. The characteristic
features of apoptosis include cell shrinkage, chromatin con-
densation, and DNA fragmentation into oligonucleosomal
ladder size units. Finally, fragments of the dying cell form
sealed vesicles called apoptotic bodies which are rapidly
removed by neighboring cells (Wylie, et al., 1980, Int. Rev.
Cytol., 68:251).

A number of genes in eukaryotic cells have been identified
which inhibit the onset or reduce the eflects of apoptosis.
Some of these genes inhibit caspase dependent apoptotic
pathways 1 cell. Cells grown to high density 1n scale up
bioreactors show an increased susceptibility to apoptosis per-
haps due 1n part to the serum free conditions for growth
(Zanghi et al. 1999, Biotechnol. Bioeng. 64:108). Other con-
ditions possibly contributing to apoptosis include growth fac-
tor withdrawal, 10nizing radiation and oxidative stress. Trans-
tecting cells with apoptotic genes has been described (Al-
Rubeai et al. 1998, Current Opinion Biotech 9(2):152).
Transiecting cells with anti-apoptotic genes may be usetul 1n
prolonging the life and productivity of transfected cells
grown under biologically demanding conditions, thereby cre-
ating a healthier more robust cell.

Thus certain embodiments of the mvention provide for
cells engineered to express levels of anti-apoptotic genes
suificient to reduce the onset or effects of apoptosis 1n cell
culture, e.g. culture vessels ranging in si1ze from 125 flasks, or
smaller, to scale up bioreactors, or larger. The cells may be
transiected with one or more copies of an anti-apoptotic gene
or a functional fragment thereof. A functional fragment of an
anti-apoptotic gene may comprise less than the full length
sequence of the cloned gene, but still maintain the ability of
reducing the onset or effects of apoptosis 1n cultured cells.
Where multiple copies of anti-apoptotic genes are used the
genes may all be the same gene or may be comprised of a
mixture of 2 or more different genes. Examples of anti-apo-
ptotic genes suitable for use in the present invention include
bcl family members such as bcl-2 (Genbank Accession No.
M14745); bel-x, ; bel-6; aven (SEQ ID NOs:5 and 6), mcl-1:
survivin (U.S. Pat. No. 6,077,709); xiap (Genbank Accession
No. NM__001167); haap1, hiap2 (U.S. Pat. No. 5,919,912);
E1B-19K (SEQ ID NO:7) and P21; myrPHK; HSV-1v1 34.5
(U.S. Pat. No. 6,172,047); and beclin (U.S. Pat. No. 6,432,
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914); p335; ced9; Crm A; BHFR (Al-Rubeai et al. 1998, Cur-
rent Opimon Biotech 9(2):152).

In some embodiments, cells are transtected with a nucle-
otide molecule comprising a nucleotide sequence encoding
an anti-apoptotic gene or functional fragment thereol oper-
ably linked to a DNA element capable of opening chromatin
and/or maintaining chromatin in an open state.

In some embodiments, use of a DNA element capable of
opening chromatin and/or maintaining chromatin 1n an open
state results 1n a greater percentage of cells (e.g., at least 40%,
at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%, or more) expressing the operably-linked
anti-apoptotic gene over an extended period of time relative to
cells where the gene 1s not operably-linked to a DNA element
capable of opening chromatin and/or maintaining chromatin
in an open state, thereby eliminating the need for a selection
step, and/or an amplification step.

In some embodiments, the methods of the invention elimi-
nate the need for a gene amplification step.

In some embodiments, cells expressing a desired recombi-
nant protein 1in conjunction with an anti-apoptotic protein or
functional fragment thereof result 1n a lower level of one or
more contaminants relative to cells which express the recom-
binant protein alone, thereby improving the overall quality as
well as quantity of the recombinant protein produced as well
as reducing both the time as well as the resources associated
with the harvesting of the recombinant protein.

V. EXEMPLARY RECOMBINANT PROTEINS

The methods of the mvention can be used to produce any
desired recombinant protein or fragment thereof. In some
embodiments, a recombinant protein produced using the
methods described herein 1s a therapeutic protein. In other
embodiments, the recombinant protein is an antibody or func-
tional fragment thereol. Antibodies which may be produced
using the methods of the nvention include, for example,
polyclonal, monoclonal, monospecific, polyspecific, fully
human, humanized, single-chain, chimeric, hybrid, mutated,
and CDR-grafted antibodies, and antigen-binding fragments
thereot, such as, for example, Fab, F(ab'),, Fv, and sciv. The
antibodies can be specific for any desirable antigen compris-
ing a suitable epitope. Desirable antigens may include for
example, a marker found 1n or associated with a mammalian
cell, a marker associated with a tumor or a marker associated
with a disease or condition. Examples of tumor markers
include tumor antigen CA 125, tumor antigen gp72 LCG
(which 1s a gene product that 1s expressed 1n association with
lung cancer), HER-2, a tumor-associated glycoprotein, and
tumor antigen MUC 1. Other markers for cancer include
hTERT (Ferberetal. 2003, Oncogene 22:3813), K1-67 (Kruse
etal. 2002, Am. J. Surg. Pathol., 26:1501), cyclin E (Yasmeen
ctal. 2003, Ixpert Rev. Mol. Diagn. 3(5):617) and histone H3
(Rakowicz-Szulczynska, et al. 1996, Cancer Biother.
Radiopharm. 11:77).

In some embodiments, methods of the invention are used
for producing high titers of antibodies or antigen-binding
fragments thereof. An antibody may be specific to a cell
surface protein such as a growth factor or hormone receptor.

Antibodies within the scope of the present mmvention
include, but are not limited to: anti-HER?2 antibodies includ-
ing Trastuzumab (HERCEPTIN®) (Carter et al., Proc. Natl.
Acad. Sci. USA, 89:4285-4289 (1992), U.S. Pat. No. 5,725,
856); anti-CD20 antibodies such as chimeric anti-CD20
“C2B8” as 1in U.S. Pat. No. 5,736,137 (RITUXAN®), a chi-
meric or humanized variant of the 2H7 antibody as in U.S.
Pat. No. 5,721,108, B1, or Tositumomab (BEXXAR®); anti-
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IL-8 (St John et al., Chest, 103:932 (1993), and International
Publication No. WO 95/238635); anti-VEGF antibodies
including humamzed and/or affinity matured anti-VEGF

antibodies such as the humanized anti-VEGF antibody
huA4.6.1 AVASTIN®. (Kim et al., Growth Factors, 7:53-64
(1992), International Publication No. WO 96/30046, and WO
08/45331, published Oct. 15, 1998); ant1-PSCA antibodies
(WO01/40309); ant1-CD40 antibodies, including S2C6 and
humanized varnants thereolf (WOO00/75348); anti-CDlla
(U.S. Pat. No. 5,622,700, WO 98/23761, Steppe et al., Trans-
plant Intl. 4:3-7 (1991), and Hourmant et al., Transplantation
58:377-380 (1994)); anti-IgE (Presta et al., J. Immunol. 151:
2623-2632 (1993), and International Publication No. WO
05/19181); anti-CD18 (U.S. Pat. No. 5,622,700, 1ssued Apr.
22, 1997, or as in WO 97/26912, published Jul. 31, 1997);
anti-IgE (including E25, E26 and E27; U.S. Pat. No. 5,714,
338, 1ssued Feb. 3, 1998 or U.S. Pat. No. 5,091,313, 1ssued
Feb. 25, 1992, WO 93/04173 published Mar. 4, 1993, or
International Application No. PCT/US98/13410 filed Jun. 30,
1998, U.S. Pat. No. 5,714,338); anti-Apo-2 receptor antibody
(WO 98/51793 published Nov. 19, 1998); ant1-TNF-o. anti-
bodies mcluding cA2 (REMICADE®), CDP371 and MAK-
195 (See, U.S. Pat. No. 35,672,347 1ssued Sep. 30, 1997,
Lorenz et al. J Immunol 156(4):1646-1633 (1996), and
Dhainaut et al. Crit. Care Med. 23(9):1461-1469 (1995));
anti-Tissue Factor (TF) (European Patent No. 0 420 937 Bl
granted Nov. 9, 1994); anti-human o,f3, integrin (WO
08/06248 published Feb. 19, 1998); anti-EGFR (chimerized
or humamzed 225 antibody as in WO 96/40210 published
Dec. 19,1996); ant1-CD3 antibodies such as OKT3 (U.S. Pat.
No. 4,515,893 1ssued May 7, 1985); ant1-CD25 or anti-tac
antlbodles such as CHI-621 (SIMULECT®) and (ZENA-
PAX®) (See U.S. Pat. No. 5,693,762 1ssued Dec. 2, 1997);
ant1-CD4 antibodies such as the cM-7412 antibody (Choy et
al. Arthritis Rheum 39(1):52-56 (1996)); ant1-CD32 antibod-

ies such as CAMPATH-1H (Riechmann et al. Nature 332:
323-3377 (1988)); anti-Fc receptor antibodies such as the M22
antibody directed against FcyR1I as 1n Graziano et al. J. fmmu-
nol. 155(10):4996-5002 (1995); anti-carcinoembryonic anti-
gen (CEA) antibodies such as hMN-14 (Sharkey et al. Cancer
Res. 55(23Suppl): 5935s5-5945s (1995); antibodies directed
against breast epithelial cells including huBrE-3, hu-Mc 3
and CHL6 (Cenani et al. Cancer Res. 53(23): 5852s-5856s
(1993); and Richman et al. Cancer Res. 53(23 Supp): 5916s-
5920s (1995)); antibodies that bind to colon carcinoma cells
such as C242 (Litton et al. Eur J. Immunol. 26(1):1-9 (1996));
ant1-CD38 antibodies, e.g. AT 13/5 (Ellis et al. J Immunol.
155(2):925-937 (1993)); ant1-CD33 antibodies such as Hu
M1935 (Jurcic et al. Cancer Res 53(23 Suppl):5908s-5910s
(1995)and CMA-676 or CDP771; ant1-CD22 antibodies such
as LL2 or LymphoCide (Juweid et al. Cancer Res 53(23
Suppl):5899s-5907s (1993)); anti-EpCAM antibodies such
as 17-1A (PANOREX®); ant1-GpllIb/I1Ia antibodies such as
abciximab or ¢7E3 Fab (REOPRO®); ant1-RSV antibodies
such as MEDI-493 (SYNAGIS®); anti-CMV antibodies such
as PROTOVIR®; ant1-HIV antibodies such as PR(542; anti-
hepatitis antibodies such as the anti-Hep B antibody
OSTAVIR®; anti-CA 125 antibody OvaRex; anti-idiotypic
GD3  epitope antibody BEC2; anti-avp3 antibody
VITAXIN®; anti-human renal cell carcinoma antibody such
as ch-G2350; ING-1; anti-human 17-1A antibody (3622W94);
anti-human colorectal tumor antibody (A33); anti-human
melanoma antibody R24 directed against GD3 ganglioside;
anti-human squamous-cell carcinoma (SF-235); and anti-hu-
man leukocyte antigen (HLLA) antibodies such as Smart ID10
and the anti-HLA DR antibody Oncolym (Lym-1). The pre-
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ferred target antigens for the antibody heremn are: HER2
receptor, VEGEF, IgE, CD20, CD11a, and CDA40.

The recombinant protein may be a cellular protein such as
a receptor (e.g., membrane bound or cytosolic) or a structural
protein (e.g. a cytoskelatal protein). The recombinant protein
may be cellular factor secreted by the cell or used internally in
one or more signal transduction pathways. Non limiting
examples include, but are not limited to, CD2, CD3, CD4,
CD8, CDl1a, CD14, CDI18, CD20, CD22, CD23, CD25,
CD33, CD40, CD44, CD52, CD80 (B7.1), CD86 (B7.2),
CD147, IL-1, IL-2, IL-3, IL-7, I1L-4, IL-5, IL-8, I1L-10, IL-2
receptor, 1L-4 receptor, 1L-6 receptor, 1L-13 receptor, 11.-18
receptor subunits, PDGF, EGF receptor, VEGF receptor,
hepatocyte growth factor, osteoprotegerin ligand, interferon
gamma, B lymphocyte stimulator C5 complement TAG-72,
integrin alpha 4 beta 7, the integrin VLA-4, B2 integrins,
TRAIL receptors 1, 2, 3, and 4, RANK, RANK ligand, TNF,
the adhesion molecule VAP-1, epithelial cell adhesion mol-
ecule (EpCAM), itercellular adhesion molecule-3 (ICAM-
3), leukomntegrin adhesin, the platelet glycoprotein gp IIb/
IIIa, cardiac myosin heavy chain, parathyroid hormone,
rNAPc2, and CTLA4 (which 1s a cytotoxic T lymphocyte-
associated antigen).

The recombinant protein may also be derrved from an
infectious agent such as a virus, a bacteria, or fungus. For
example, the protein may be derived from a viral coat or may
be a viral enzyme or transcription factor. The protein may be
derived from a bacterial membrane or cell wall, or may be
derived from the bacterial cytosol. The protein may be a yeast
enzyme, transcription factor, or structural protein. The yeast
protein may be membrane bound, cytsolic, or secreted.
Examples of infectious agents include, but are not limited to,
respiratory syncitial virus, human immunodeficiency virus
(HIV), hepatitis B virus (HBV), hepatitis C virus (HCV),
Streptococcus mutans, and Staphlycoccus aureus, and Can-
dida albicans.

The methods of the mvention can also be used to produce
recombinant fusion proteins comprising all or part of any of
the above-mentioned proteins. For example, recombinant
fusion proteins comprising one of the above-mentioned pro-
teins plus a multimerization domain, such as a leucine zipper,
a coiled coil, an Fc¢ portion of an antibody, or a substantially
similar protein, can be produced using the methods of the

invention. See e.g. International Application No. WO
94/10308; Lovejoy et al. (1993), Science 259:1288-1293;

Harbury et al. (1993), Science 262: 1401-05; Harbury et al.
(1994), Nature 371:80-83; Hang.kansson et al. (1999), Struc-
ture 7:255-64.

Also encompassed by this mvention are pharmaceutical
compositions including one or more recombinant proteins
produced by the methods described herein. In some embodi-
ments, pharmaceutical compositions turther include a phar-
maceutically acceptable carrier. The term “pharmaceutically-
acceptable carrier” as used herein means one or more
compatible solid or liqud filler, diluents or encapsulating
substances which are suitable for admimistration into a sub-
ject.

VI. METHODS OF INTRODUCING

NUCLEOTIDE SEQUENCES AND VECTORS
INTO CELLS

The methods of the invention are useful for the production
of recombinant proteins 1n the presence of reduced levels of
one or more contaminants, and 1n particular, for the produc-
tion of therapeutic proteins and antibodies 1n the presence of
reduced levels of one or more contaminants. Protocols for
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introducing nucleotide sequences and vectors into cells are
well known 1n the art including various commercially avail-
able reagents, such as the cationic lipid reagents LIPO-
FECTAMINE™, LIPOFECTAMINE™-2000, or LIPO-
FECTAMINE™-PLUS (INVITROGEN), can be used to
transiect cells (see, e.g., Feigner et al. (1987), Proc. Natl.
Acad. Sci. USA 84:7413-7417). In addition, electroporation
or bombardment with microprojectiles coated with nucleic
acids can be used to transfect cells using procedures, such as
those 1n Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd ed. Vol. 1-3 (Cold Spring Harbor Laboratory
Press, 1989) and Fitzpatrick-McElligott ((1992), Biotechnol-
ogy (NY) 10(9):1036-40). Genetic engineering techniques
include, but are not limited to, transfection, transformation,
and/or transduction of cells with expression vectors, targeted
homologous recombination and gene activation (see e.g. U.S.
Pat. No. 5,272,071 to Chappel), and transactivation by engi-
neered transcription factors (see e.g. Segal et al. (1999), Proc.
Natl. Acad. Sci. USA 96(6):2'758-63).

In a particular embodiment, high efliciency controlled
clectroporation 1s used for introducing the various nucleic
acid molecules 1nto a host cell. Exemplary devices and meth-
ods for performing controlled electroporation can be found,

for example, 1n U.S. Pat. Nos. 6,300,108; 6,562,604; 6,387,
671; 6,403,348 6,482,619; 7,053,063, each of which are
incorporated by reference herein 1n their entirety.

Controlled electroporation 1s based upon the discovery that
the onset and extent of electroporation 1n a biological cell can
be correlated to changes 1n the electrical impedance (which as
used herein means the ratio of current to voltage) of the
biological cell or of a conductive medium that includes the
biological cell. An increase in the current-to-voltage ratio
across a biological cell occurs when the cell membrane
becomes permeable due to pore formation. Likewise, a
decrease in the current-to-voltage ratio through a flowing
conductive fluid occurs when the fluid draws a biological cell
into the region between the electrodes 1n a flow-through elec-
tric cell. Thus, by monitoring the impedance of the biological
cell or of an electrolyte solution in which the cell 1s sus-
pended, one can detect the point in time 1n which pore for-
mation 1n the cell membrane occurs, as well as the relative
degree of cell membrane permeability due to the pore forma-
tion. This information can then be used to establish that a
given cell has 1n fact undergone electroporation, or to control
the electroporation process by governing the selection of the
voltage magnitude. Controlled electroporation may also be
useiul in the simultaneous electroporation of a plurality of
cells, since 1t provides a direct indication of the actual occur-
rence of electroporation and an indication of the degree of
clectroporation averaged over the cells. The method 1s like-
wise uselul in the electroporation of biological tissue (masses
of biological cells with contiguous membranes) for the same
reasons.

Controlled electroporation involves the use of an elec-
troporation device 1 which a biological cell can be placed
and which contains a barrier that directs the electric current
flow and hence the 1on flow through a flow path that passes
through the biological cell while permitting substantially no
clectric current to bypass the biological cell. It involves the
use of an apparatus containing two liquid-retaining chambers
separated by a barrier that 1s substantially impermeable to an
clectric current. The barrier contains an opening that is
smaller than the biological cell such that the biological cell
once lodged 1n the opening will plug or close the opening. To
achieve electroporation, the biological cell 1s secured over the
opening by mechanical or chemical means, e.g., 1n a revers-
ible manner so that the biological cell can later be removed
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without damage to the biological cell. Once the biological cell
1s secured over the opening, a voltage 1s imposed between the
two chambers and across the biological cell residing 1n the
opening. The passage of current between the chambers 1s thus
restricted to a path passing through the opening and hence
through the biological cell. By monitoring the current-voltage
relation 1n the electric cell, the onset of electroporation 1s
detected and the degree of pore formation 1s controlled, to
both assure that electroporation 1s occurring and to prevent
excessive pore formation and cell death. The user 1s thus
alforded a highly precise knowledge and control of the con-
dition of and the flux across the biological cell membrane.
The device may thus comprise two electrodes. The polarity of
cach respective electrode may be alternated back and forth
thus permitting penetration of a target nucleic acid through
the cell membrane from at least two distinct points. For
example, the points may be approximately 180° apart 1n a
plane of the cell.

The electroporation device may comprise an iternal sup-
port to hold a single biological cell, or a plurality of biological
cells, and an internal barrier that restricts the electric current
flow 1n the device to a tlow path that passes through the
biological cell. The electroporation device may comprise one
or more chambers suitable for holding a bufler. Where a
plurality of chambers 1s present each chamber may hold the
same buller, or a different buffer. When no voltage 1s applied,
the structure can be used for diffusive transport alone, unas-
sisted by voltage-induced pore formation. The configuration
of the barrier, and the two chambers 1n embodiments that
include two chambers, 1s not critical to the electroporation
cell, and can vary widely while still serving its purpose. Since
biological cells are microscopic 1n size, however, the appara-
tus may be the size of electronic chips, fabricated by micro-
tabrication techniques such as those used 1n electronic chip
manufacture. The chambers may be constructed as flow-
through chambers to allow the passage of the liquids 1n con-
tinuous Hlow, intermittent flow, or flow at the direction of the
user, and to allow changes 1n the concentrations, pressure, and
other conditions as needed to achieve close control over the
passage of species across the biological cell membrane. The
apparatus may comprise layers or platelets with appropriate
openings that form flow passages when the layers or platelets
are bonded together.

Flow-through chambers offer the advantage of permitting,
the successive entry and removal of individual cells so that
large numbers of cells can be treated in succession. Flow-
through chambers also permit replenishment of solute-de-
pleted solutions so that concentration gradients can be con-
tinuously maintained when desired. A further function that
can be served by tlow-through chambers is the increase and
decrease of pressure, a function that 1s useful for various
purposes as described below.

The support for the biological cell 1n this structure can be
any structure that secures the biological cell 1n a fixed position
and that allows the passage of electric current. The most
convenient support 1s an opening 1n the barrier. Securing a
biological cell over the opening serves to close, seal or plug
the opening, thereby directing the passage of electric current,
diffusive transport, or both, through the cell and eliminating
or minimizing leakage around the cell. A mechanical means
of achueving this 1s to impose a pressure differential across the
opening 1n a direction that will press the cell against the
opening. The diameter of the opening may be smaller than
that of the cell, and the cell upon entering the apparatus will
pass into one of the two chambers. By increasing the pressure
in the chamber in which the cell resides, or lowering the
pressure 1n the other chamber, the cell will be forced against
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the opening, closing it off. Once the procedure 1s completed,
the cell 1s readily released from the opening by equalizing the
pressures in the two chambers or by reversing the differential
such that the higher pressure 1s in the chamber other than the
chamber 1n which the cell was introduced. The flow of liquid
in the chamber 1n which the cell was introduced will then
remove the cell from the opening, exposing the opening for
another cell.

An alternative method of sealing the opening with the cell
1s by the use of a coating on the barrier surface, or over the rim
of the opening, of a substance that binds to the cell membrane.
Since biological cell membranes are negatively charged, the
coating may be a substance that bears a positive charge, such
as polylysine, polyarginine, or polyhistidine. The biological
cell can be directed to the opeming by a pressure differential
across the opening, and held 1n place by the coating. Once the
procedure 1s completed, the cell can be released from the
coating by momentarily increasing the flow rate of the liquid
in the chamber on the cell side of the opening, or by imposing
a reverse pressure differential across the opening to urge the
cell away from the opening.

In another aspect, controlled electroporation 1s performed
using an electroporation device such as, e.g., described 1n
Wang et al., Arnal. Chem, (2006) 78:5158-5164.

In one aspect, high efficiency controlled electroporation 1s
performed using a device which includes one or more capil-
laries. The method of controlled electroporation comprises
the steps of: 1) placing the one or more cells 1n an electropo-
ration device comprising at least one elongate capillary hav-
ing a lumen comprising a first end and a second end, where
both the first end and the second end open 1nto reservoirs and
where the one or more cells can flow through the lumen of the
at least one capillary and into the reservoirs; 2) contacting the
one or more cells with a nucleic acid molecule comprising
one or more DNA elements capable of opening chromatin
and/or maintaining chromatin 1 an open state operably
linked to a nucleotide sequence encoding the recombinant
protein; 3) contacting the one or more cells with an electric
current such that the current passes through the one or more
cells; 4) monitoring the ratio between the current and voltage
in the electroporation device; and 5) adjusting the magnitude
of the local field strength to a field strength suitable to achieve
clectroporation of the one or more cells.

In some embodiments, the diameter of the lumen of a
capillary 1s no greater than about 20% of the diameter ofa cell
in the lumen. In some embodiments, the diameter of the
lumen of the capillary 1s no greater than about 20% of the
diameter of a plurality of cells (e.g., the perimeter around a
group of cells 1n the lumen).

In various controlled electroporation methods described
herein, the optimal local field strength suitable for achieving,
the electroporation of a particular cell type can be readily
determined using known methods in the art, e.g., by assaying
for a change (e.g., an increase) 1n cell diameter over time
when the cell 1s exposed to varying field strengths. In some
embodiments, the local field strength which 1s used 1n the
methods of the mvention 1s about 150-500 V/cm. In other
embodiments, the local field strength which 1s used 1n the
methods of the invention 1s about 250-400V/cm. In a particu-
lar embodiment, local field strength used 1n the methods of
the ivention 1s about 400 V/cm (e.g., in case of CHO cells).

In other embodiments of the invention transfection may be
performed using a chemical reagent such as calcium phos-
phate as precipitant, or cationic lipids and the like, e.g. Lipo-
fectamine™ (INVITROGEN, Carlsbad, Calif.).

Without wishing to be bound by theory, it 1s contemplated
that any suitable method of transfection can be used 1n the
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methods of the invention, so long as 1t 1s capable of achieving,
at least 50% or more, or at least 60% or more, or at least 70%
or more, or at least 80% or more, or at least 90% or more, or
at least 95% or more, or at least 99% or more of the cells being
transfected. Additional exemplary methods which may be
used in the methods of the mmvention include, e.g., use of
magnetic nanoparticles (e.g., see kits sold by OZ Bio-
sciences ) and nanoparticle transfection (e.g., see kits sold by
SIGMA-ALDRICH). In a particular embodiment, any
method capable of achieving transfection of at least 70% of
the cells 1s used 1n the methods of the invention. In another
embodiment, any method capable of achieving transiection
of at least 80% of the cells 1s used in the methods of the
invention.

VII. CELL CULTURE MEDIA

Any suitable culture medium or feed medium suitable for
cell growth and protein production may be used 1n the meth-
ods of invention. Suitable culture or feed mediums are chosen
tor their compatibility with the host cells and polypeptide of
interest. Suitable culture or feed mediums are well known 1n

the art and include, but are not limited to, commercial media
such as Ham’s F10 (SIGMA), Minimal Essential Medium

(SIGMA), RPMI-1640 (SIGMA), and Dulbecco’s Moditied
Eagle’s Medium SIGMA) are suitable for culturing the ani-
mal cells.

In addition, any of the media described 1n Ham and Wal-

lace, Meth. Enz., 58:44 (1979), Barnes and Sato, Aral. Bio-
chem., 102:255 (1980), U.S. Pat. No. 4,767,704; 4,657,866;
4,927,762; or 4,560,655; WO 90/03430; WO 87/00195; U.S.
Pat. No. Re. 30,985; or U.S. Pat. No. 5,122,469, the disclo-
sures of all of which are incorporated herein by reference,
may be used as culture or feed media for the host cells. Any of
these media may be supplemented with additional compo-
nents to meet the specific needs of the cells being culture.

VIII. CELL CULTURE METHODS

A polypeptide of interest may be produced using any
scheme or routine that may be suitable for a particular cell-
type and the particular production plan desired. Therefore, it
1s contemplated that either a single-step or multiple-step cul-
ture procedure may be used 1n the methods of the invention.
For example, in a single-step culture, the cells are inoculated
into a culture environment and the subsequent addition of any
nutrients or supplements 1s employed during a single produc-
tion phase of the cell culture. Alternatively, a multi-stage
culture may be used. In the multi-stage culture, cells may be
cultivated 1n a number of steps or phases. For instance, cells
may be grown 1n a first step or growth phase culture wherein
cells, possibly removed from storage, are moculated 1nto a
medium suitable for promoting growth and high viability.
The cells may be maintained 1n the growth phase for a suitable
period of time by the addition of fresh medium to the host cell
culture. In a particular embodiment, the cells are grown 1n a
multi-stage culture comprising one or more growth stages and
a production stage. In some embodiments of the methods of
the mvention, the growth stage includes from about a 5 L
culture volume to about a 200 L. culture volume, while the
production phase includes about a 15000 L culture volume.

In some embodiments, a higher percentage of viable cells
are Tound 1n cell culture, thereby contributing to a production
of high quality protein at significantly improved yields over
other methods well known 1n the art.

Various cell culture conditions such as, for example, osmo-
lality, temperature and pH may be controlled to obtain opti-
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mal protein production (e.g., a high titer) over the duration of
the cell culture process and also to reduce batch variability.

Such conditions may either be controlled at the growth phase
or the production phase of the cell culture process or at both
phases.

Additionally, 1t 1s contemplated that any suitable mode of
culturing cells (e.g., fed-batch or continuous) may be used 1n
the methods of the present mnvention. In some embodiments
ol the methods of the present invention, fed-batch or continu-
ous cell culture conditions are used to enhance growth of the
mammalian cells 1n the growth phase of the cell culture. In
other embodiments of the methods of the present invention, a
bulk cell culture method 1s devised for cell growth. During
ted-batch, or continuous cell culture conditions, the growth
phase cells are grown under conditions and for a period of
time that 1s suitable for maximum growth. Culture conditions,
such as temperature, pH, osmolality, dissolved oxygen
(DO, ), and the like, that are optimal for a particular cell type
would be apparent to one of ordinary skill in the art or can be
readily determined by one of ordinary skill in the art.

Also encompassed by the present invention are methods of
culturing cells that produce a resilient cell line, 1.e., one that
can accommodate variations and still produce improved
yields of protein and maintain cell viability, for example, by
introducing a nucleotide sequence encoding an anti-apoptotic
protein or functional fragment thereof 1nto the cell line and/or
contacting the cell line with an 1solated anti-apoptotic protein
or functional fragment thereof.

In some embodiments, the process results 1n consistent
quality characteristics across multiple cell culture batches. In
a particular embodiment, methods of the present invention
provide consistent viable cell densities and percentage of
viable cells, metabolism consistency, product quality, and
protein production levels.

IX. KITS

Also encompassed by the present mvention are kits for
reducing the levels of one or more contaminants. In some
embodiments, a kit according to the present invention com-
prises: (a) a first nucleic acid molecule comprising one or
more DNA elements capable of opening chromatin and/or
maintaining chromatin in an open state and a multiple cloning
site suitable for cloning a nucleotide sequence encoding a
recombinant protein into the molecule; and (b) a second
nucleic acid molecule comprising a nucleotide sequence
encoding at least one anti-apoptotic protein or a functional
fragment thereot operably linked to one or more DNA ele-
ments capable of opening chromatin and/or maintaining
chromatin 1n an open state.

In some embodiments, a kit according to the mmvention
includes: (a) a host cell stably transfected with a nucleotide
molecule comprising a nucleotide sequence encoding at least
one anti-apoptotic protein or a functional fragment thereof
operably linked to one or more DNA elements capable of
opening chromatin and/or maintaining chromatin 1n an open
state; and (b) a nucleic acid molecule comprising one or more
DNA elements capable of opeming chromatin and/or main-
taining chromatin in an open state operably linked to a mul-
tiple cloning site suitable for cloning a nucleotide sequence
encoding the recombinant protein, where the nucleic acid
molecule 1s capable of being introduced 1nto the host cell.

In some embodiments, kits featured herein include instruc-
tions and/or promotional materials including details regard-
ing using the transiection device or transiection agent. In
general, a kit may include one or more of the following along
with instructions for use: one or more nucleic acid molecules
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comprising one or more DNA elements capable of opening
chromatin and/or maintaining chromatin 1n an open state

operably linked to a multiple cloning site for cloning a nucle-
otide sequence encoding a recombinant protein; (b) one or
more nucleic acid molecules comprising one or more nucle-
otide sequences encoding one or more anti-apoptotic proteins
or functional fragments thereof operably linked to one or
more DNA elements capable of opening chromatin and/or
maintaining chromatin 1n an open state; (¢) one or more
purified anti-apoptotic proteins or functional fragments
thereot; (d) one or more suitable cell lines for introduction of
the various nucleic acid molecules; and (¢) one or more
reagents and/or devices suitable for transfecting the cell lines.

Suitable transfection reagents may include one or more
chemical means for transfecting cells with a nucleic such as
calcium phosphate, or commercially prepared cationic lipids,
¢.g. Lipofectamine™ (INVITROGEN, Carlsbad, Calif.).

Other commercially available reagents include Silmporter™
(MILLIPORE, Temecula, Calif.); FuGene® (ROCHE, India-
napolis, Ind.). Transtection devices may include an electropo-
ration device such as a controlled electroporation device (EX-
CELLIN LIFE SCIENCES, Menlo Park, Calif.). The system
may also iclude a power supply, a computer, e.g. a personal
computer including suitable software and hardware for moni-
toring and or recording data regarding cell viability, and
growth, transfection efficiency, pore formation (11 electropo-
ration 1s used) and protein production.

X. PURIFICATION METHODS

Also provided herein are methods of harvesting or purify-
ing a recombinant protein produced using the methods of the
invention. In general, any suitable purification scheme known
in the art may be used. However, methods described herein
simplity the purification process by reducing the levels of one
or more contaminants generally present during recombinant
protein expression using cell culture methods.

In some embodiments, a method of harvesting a recombi-
nant protein in cell culture does not employ the use of protein
A. In some embodiments one or more chromatography steps,
¢.g. one chromatography step, two chromatography steps,
more than two chromatography steps, may be performed to
harvest a recombinant product from a cell culture. The chro-
matography steps may not require the use of stringent wash
reagents or elution buifers.

In some embodiments, the harvesting step includes a cen-
trifugation step, where a recombinant protein 1s found 1n the
cell supernatant in the presence of reduced levels of one or
more contaminants.

The harvesting or purification step or steps may be selected
by the skilled artisan based upon the product protein.
Examples of suitable purification steps for purilying recoms-
binant products according to the invention may include one or
more of the following: precipitation of the recombinant pro-
tein from the supernatant; crystallization of the of the recom-
binant protein; high performance tangential flow filtration
(HPTFF), flow through chromatography wherein contami-
nants are retained on a solid support and the recombinant
product flows through the chromatography media (e.g. Inter-
cept®)(MILLIPORE CORPORATION, Billerica, Mass.);
adsorption purification, €.g. ion exchange chromatography,
ailinity chromatography.

Other suitable purification steps may be chosen from any
chromatography means known 1n the art, e.g. size exclusion,
ion exchange, affinity, reverse phase to name but a few. In
certain embodiments the chromatography step may include
an 10n exchange chromatography step. In other embodiments
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the chromatography step may not require an aifinity chroma-
tography step and the potentially harsh conditions frequently
used for elution.

In some embodiments, a recombinant protein 1s produced
in the presence of reduced levels of one or more contami-
nants, where contaminants are host cell proteins, present in an
amount less than about 1000 parts per million (ppm), or less
than about 900 ppm, or less than about 800 ppm, or less than
about 700 ppm, or less than about 600 ppm, or less than about
500 ppm, or less than about 400 ppm, or less than about 300
ppm, or less than about 200 ppm, or less than about 100 ppm,
or less than about 90 ppm, or less than about 80 ppm, or less
than about 70 ppm, or less than about 60 ppm, or less than
about 50 ppm, or less than about 40 ppm, or less than about 30
ppm, or less than about 20 ppm, or less than about 10 ppm of
the total protein.

This invention 1s further illustrated by the following
examples which should not be construed as limiting. The
contents of all references, patents and published patent appli-
cations cited throughout this application, as well as the Fig-
ures, are incorporated herein by reference.

EXAMPLES

Example I
(reneration of Stable CHO Cell Clones

Stable clones of CHO cells are generated by transfecting
the cells with either an aven gene operably linked to a DNA
clement capable of opening chromatin and/or maintaining
chromatin in an open state, or an E1B-19K gene operably
linked to a DNA element capable of opening chromatin and/
or maintaining chromatin in an open state (e.g., an extended
methylation-free CpG 1sland). In another experiment, stable
clones of CHO cells are generated that are transiected with
both the aven gene and the E1B-19K gene, each operably
linked to a DNA element capable of opening chromatin and/

or maintaining chromatin in an open state (e.g., an extended
methylation-free CpG 1sland).

Following generation of the stable CHO cells including
one or both of the anti-apoptotic genes, the cells are stably
transiected with a nucleotide sequence encoding a recombi-
nant protein (€.g., an antibody or a light or heavy chain of an
antibody) operably linked to a DNA element capable of open-
ing chromatin and/or maintaining chromatin in an open state
(e.g., an extended methylation-free CpG 1sland) and option-
ally, operably linked to one or more nucleotide sequences
which increase secretion of the recombinant protein outside
the cell, increase translation of the recombinant protein and
increase mRNA stability.

Pools of stably transfected cells are screened instead of
individual clones, thereby reducing the time associated with
the selection process. Further, no gene amplification 1s
required.

In a control experiment, CHO cells are transiected only
with the nucleotide sequence encoding a recombinant protein
operably linked to a DNA element capable of opening chro-
matin and/or maintaining chromatin in an open state and

optionally one or more nucleotide sequences discussed
above.

Example 2

Evaluation of the Cells for Recombinant Protein
Production

Pools of stably transfected CHO cells are subsequently
evaluated for the production of the anti-apoptotic genes and
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the recombinant protein. The expression of the anti-apoptotic
genes 1s evaluated, e.g., by tagman analysis, and the expres-
s1on of the recombinant protein is evaluated, e.g., by assaying
tor the binding of the recombinant protein to a known binding
partner or any other assay that might be appropriate for the
detection of a particular recombinant protein.

Cell supernatant 1s collected to evaluate for host cell con-
taminants, €.g., host cell proteins, which can be measured,
e.g., using ELISA, or assays available for measuring host cell
proteins 1n CHO cells. Cell supernatants from cells express-
ing both an anti-apoptotic proteins and the recombinant pro-
tein are compared with those from cells expressing only the
recombinant protein.

The cell supernatants obtained following centrifugation of
cells which express the recombinant protein along with the
one or both anti-apoptotic genes include a lower level of host
cell contaminants, e.g., host cell proteins, relative to cell
supernatants obtained from cells which express the recombi-
nant protein alone.
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the teachings of the references cited within the specification
which are hereby incorporated by reference. The embodi-
ments within the specification provide an illustration of
embodiments in this invention and should not be construed to

limit 1ts scope. The skilled artisan readily recognizes that 25

many other embodiments are encompassed by this invention.
All publications and invention are incorporated by reference
in their entirety. To the extent that the material incorporated
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by reference contradicts or 1s iconsistent with the present
specification, the present specification will supercede any
such material. The citation of any references herein 1s not an
admission that such references are prior art to the present
invention.

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, cell culture, treatment conditions, and so
forth used 1n the specification, including claims, are to be
understood as being modified 1n all instances by the term
“about.” Accordingly, unless otherwise indicated to the con-
trary, the numerical parameters are approximations and may
vary depending upon the desired properties sought to be
obtained by the present invention. Unless otherwise indi-
cated, the term “at least” preceding a series of elements 1s to
be understood to refer to every element 1n the series. Those
skilled 1n the art will recognize, or be able to ascertain using
no more than routine experimentation, many equivalents to
the specific embodiments of the invention described herein.
Such equivalents are mntended to be encompassed by the
following claims.

Many modifications and variations of this invention can be
made without departing from 1ts spirit and scope, as will be
apparent to those skilled 1n the art. The specific embodiments
described herein are offered by way of example only and are
not meant to be limiting in any way. It 1s intended that the
specification and examples be considered as exemplary only,
with a true scope and spirit of the invention being indicated by
the following claims.

<160> NUMBER OF SEQ ID NOS: 14

<210> SEQ ID NO 1

<211> LENGTH: 3048

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 1

accactaagc catctctcecca gceccecctgagte atggttttag tgtgagaggce atcattgaat 60
tttctgagca cggccatcag ggtagctggce acaggtcectte agatacaagg agatagttat 120
aagaaggcag ccatggctgt ggtgcactag aaatggagaa acagcttcat caggtgacag 180
accagtctga ctctgtccca tgattagaag ccatcttgtt acaaggtcaa aataagttca 240
ttcctgtttt ctgtaacact tgggtttgat cctgtcgtca acccattttce tggaatttga 300
catgttccat actccattat accctgactt ccaccctgat aagatgttcect gceccaagttcece 360
tgtgtagcca acattcccecct ggaaatctcet cttcecceccttgg aaaccaccta gtcecttagaaa 420
ttttgagtta tataaattcc acttctatgt ttgatgctat tctttaaaac tceccactttag 480
ggagatagcc ctgtctgata gaaaataaaa cttgcttaat ttgtctaaaa gattttaagt 540
aatagttttt acttttgttc cgtgggatta gtacagggtg aaacagactc ccgtgtttcec 600
agtgtgaagt gagccacaca ctgcagtaca agttatatca gcaggttctg cctcectgcegceca 660
atgaactttt gecttgtgtgg acatcagggt ctgtgtgaag ggaaggtcct atggcecctagt 720
tttatactat tcaacagtct gtccccgaag ccctggtget ttattatttt gacaagcccce 780
tgctgctggt attccaccct gcetgcgagtce aaaaaagttce ctgtcectegga aaaacaaaac 840
aaaacaaaac aaccaaaaaa taaatttttt tttcccacag gttctagtgg aggtgctcac 900
taccagaaat cctacaaata agcccatctce atggatcagg gtttaccttt gtaataatat 960



taaatctgtg

atggttttet

atacatttca

gtgcttatgce

tatttacgtt

gtagtcaacg

ttgctgagta

ttacaggttyg

tgcaaaactt

ctcececgcecccecta

gctgcaagat

ggagtccgcc

ggagcgtctyg

gyccgygagycCccC

ggaccgactc

gtctccataa

gtctcetttag

ccatagttga

cgtcceccectgtyg

atggtctgtc

ctccectatcecg

CEtCctttgtct

gtctgagtag

agctgaaagc

gaagggttgc

tcagaggtaa

tgaatgaatt

ttacaccaac

cacctgtaaa

tctggectcea

atttaacctyg

JgCttcccectce

gaccgcagtt

tgctttatcet

cttctgaaaa

tgcatgtgcg

actgtcccac

atgaaagttt

ctgtggtttyg

tttacttctyg

atgaccttaa

cagagcactt

ctaggttaca

catttcccat

tatacctact

ggcggtgeag

gcgggttceta

gggccgccecty

gggcgagtgce

gaacaccggyg

tagtaatcct

taagtgaagt

aagcctactt

gttatcattt

gtttgtgett

aggtacaact

cttgggtgta

gaagtgttgt

actgtggtca

tgettttety

cttgtttect

tctcactcecgy

caggacagaa

tattgtgtgt

gtgggtgtaa

tgtgctggceg

tacaggacac

gtccagaagc

cccgggggtte

cctgacatgy

«<210> SEQ ID NO 2

<211> LENGTH:
«212> TYPERE:

1558
DNA
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cacgcatgtg
tcactctgta
tcattagecgt
cacctctagt
agtcagaaac
acttgtgacc
tcagaccgga
ccceccececectac
gaacacttgc
tccgececgeg
atttccaaga
caagtgccag
ccgtetette
tgtgtgcctyg
cgcctcecagt
gtggcacagt
ttagcagtcc
actgactgct
catgggggaa
atgcacacag
tacagtccca
gattatgccyg
ctttgtccaa
aaagaaactt
tagggccatt
ttggttcagt
gagctggcty
atcattattt
actgagatgc
ctgctttgtt
ttgtggtggy
agaatgttct
gctttggett
ttagactgag

ccagtgacag

<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 2

Ctttatgctt

acttactgag

gaacgtgaag

ctgaaggttyg

tcataaaggc

ctctactteyg

actagatgtc

gccgttttag

aagggtcgcec

agccacttcc

agaggaaggt

ggaggcctgt

gagcctcgga

ggcaagdggay

tccggactag

tagagggcgt

cttetettag

gccgtgttcea

aagtgtgcag

atgataaacc

gctgtacatg

tagagccctt

gatgcctcac

cctaaagatyg

gggcttgctce

ttgtagctga

aagatggcta

tagccaccag

tgtgtaaact

agaactgcat

cggcaggtgg

tggggagaag

ccctgaaggc

ctgggatgtg

tcacaggtac
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gcatatatgt

ccatccagct

gtggtaaaat

CECtLttcaa

catggcctcg

ttagtgctygyg

tacttcctgt

acgcaaaact

gegetgegeg

CCLCCcCLttca

aagcgtcetygyg

ggctccgtaa

tggccgtaga

ggacaaactc

acacctttga

gtgccatcag

tcgegtgatce

ctcgggaccc

gttgccaggt

tgttttgagt

tgctacttygyg

cgatgaagag

tatgctgcgt

accaagaggc

tgactaaccc

tggcatcttce

ctctggagtt

gtagaaatac

tgggccaacc

ttgggaagaa

gatcttgagt

ggtcgtcgga

agcgtagagg

gcttctgcecta

ttgatgct

atacgcagcc

ggtcctctaa

ctgttagtgt

attttttatt

aattcgctat

AacCcCcaagc

tccgcctaca

Ccatttccecca

gcgtcattgc

gceggegeged

gceceggttey

tcagtcecctgt

ttgtgtattg

ctcgagttet

gogtttettg

atctagtcca

ctgcaagtygyg

ggagctgcag

ttagaaatag

caggattcct

agacagattt

gtgatgacga

tctgtggcac

atttgtctga

tgtcttcacc

aaagctgagc

gaagtccgag

cattgattgt

aagcagtaaa

cttaccttcc

aaatggttgc

tcagagagtt

tgagttcctce

tagaattgta

ggccctcoecge gcectacagcet caagccacat ccgaaggggg agggagccgg gagcectgegceg

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3048

60

32



CYygygCccygcCccC

gegggedede

tagggggagy

tggtccccaa

cggtggcettt

CCthCCCCt

agcttaaaaa

gggtcagttc

tagaagttga

ddaacaddaad

agggaccacc

tcggcgttaa

gggaccctat

gcatttacgyg

ttggcgtaag

acggcctgac

gcggctcectag

tgtttctcega

ccgcecggagat

gtccgcgatyg

cgttggecgcec

ccaattcagt

gtacaaacag

gatggggagc

gggaattctt

9999994999

geccydygegyy

geggagdgede

ggggagggada

tctgcttggc

gcggtgcegag

ctagtacccc

cacagacgcyg

ttcgggtgtt

gggaaggcta

tceocgggtty

tttcaaacty

tccaagaggt

aagtaacgtc

gtggggcgta

gtagcggaag

cggcagtagc

gcageggceay

cgatctctcet

gaggtaacgg

tcagtggaag

agcagtgggg

cttccocceccecacce

tttcacatgy

attccCctttec

<210> SEQ ID NO 3

<211> LENGTH:
<212> TYPERE:

4180
DNA
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gtggcaccgc
gyggagygggcc
cgacgaccgc
g9g9g99agygcy
agcctcagceg
ggtgtggaat
tttgggacca
ggccaggggt
tceggaaggg
ctaagatttt
agggggcetgg
cgcgaccegtt
agtaactagc
gggtactgtc
gagccttccc
acgcgttagt
agcagcgccg
ttctcactac
catctcgctc
gtttgaaatc
tcggccagcec
cttaaggttt
ctcagcctcec
cggacgctgce

taaagcacgc

<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 3

ctaaaacagc

Cttataataa

cgattaccca

aacttggttt

daaaacttaa

AaacCcacCCCdcC

cCcCygcCcccccCa

ccgeggcacy

acgttaactyg

acgcgggacc

tgggggaggy

ttcacatggc

agtccatgtt

aacaactcac

ctgctcagaa

gatgcttcaa

tcccgacccc

cccdyygagcdy

ggggctcaag

gcggtegecyg

acgcgecgcec

ggcgcctecy

ttaaaatagy

ccatttttaa

aacggtaaag

acccteccte

cceegttteyg

cgccgcetgaa

cgggcectegt

ggcactgcgc

cagcctcggy

ctccgggagg

ccggaacygcyg

ccacgccgygyg
gogogoecgay
ggcacttacc
gyggcgaggac
gctggcgcca
cctccagacyg
ctttcagcag
gggtcattgc
gccgagtcaa
tctggegggy
atctccaggce
tctcacctyge
aggactctag

tctggcecgcea

gccattggceyg

Jgdgggggaag

ggtccegtgce

agcgccagga

ggctgceggga

aatgagttat

gcctcocecgtgy

atgaacgggg

cggcgcecatt

Cﬂﬂgﬂtgggg

tgcttcgggy

ggaccaatgt

aggacaatcc

cactgtgaat

tttccaatcyg

tgacacttty

gcccocggegtce

ggtcagcgca

CaCacCCyCac

acagccggcc

cccaagtctc

ggtgggggag
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cggccacgaa

ccegetggga

gttcgeggced

agtgaccgga

aaaccggact

ctgggggagyg

cgaactctcc

ggcgtgaaca

tccgecegagt

gttatcattg

tgcggattaa

cttgcgccaa

ccttccgcecaa

agggtgggag

gcggataggyg

gttctagaaa

ggaggtgctc

cgagtccggt

aatcgggcetyg

tgaaaagggc

gagagaggca

tcttgagcgyg

tcceccecttcact

tgaaagtggg

gccacggcegt

CtLtttccaat

tttceggttta

cttctetgtt

gtaattaaat

aaaaaagaat

cagaggccta

tcecgecgggga

gcgcoctaccec

gcgegeagcec

gacccagccc

gg9gagygggya

gggcdgggcea

attggggccc

tggcgcecgyg

gtctcctcag

ccgcccactt

gggagttggyg

tgtacaccag

ataatttgac

tggggcacdg

gcgtaactgc

gccecteccy

ggcagyggye

ttcattgagce

gagtacgcat

cgtttacgcg

agcggcegge4a

ctcgcagagt

tegtgttegt

aagcgactga

atggcgaggc

ggaaatcgga

aggcctgagc

gggggtgggyg

gcegcdggagyge

ctcetegy

ctaagtccca

aaaccaggca

ctgcaatccc

aacaaaagga

cacctcttgc

agcgegggtyg

gaaacaaagyg

ccgegeggec

aggctcgcgg

cgegtggegce

aatgcgcttt

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1558

60

120

180

240

300

360

420

480

540

600

660
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gtctcgaaat

cccactaact

cactccttcece

gaaccgggcc
agaaggaaag
ctccggcecct
cgcgcgygggc
ggcagcgggc
ccetaggggy
cggtggtccc
cagceggtggce
cttccectegec
ggagcttaaa
aggggtcagt
actagaagtt

ggaaaacaaa

gcagggacca

cgtcecggegtt

gggaccctat

gcatttacgg

ttggcgtaag

acggcctgac

gcggctcetag

tgtttctega

ccgeggagat

gtccgegatyg

cgttggcgcec

ccaattcagt

gtacaaacag

gatggggagc

gggaattctt

agcgtttcegy

ctceccgggaa

cttataactc

ACCCCCELCLCLL

tgagcttgga

gaaatggcgc

tttgcgggcec

gagccgtagg

ggttttatct

ggggcaaccy
accgggetgy
cgcagcetccec
cccgggacgc
ccaccgactt

ccgogectac

cygccgygyyy
gcgcgceyceygy
agyggcggagy
caaggggagyd
CEtCCtctgctte
cgceeggtygey
aactagtacc

tccacagacy

gattcgggtg

daadddaayyc

cctcoceccegggt

aatttcaaac

tccaagaggt

aagtaacgtc

gtggggcgta

gtagcggaag

cggcagtagc

gcagceggceay

cgatctcetcet

gaggtaacgg

tcagtggaag

agcagtggygyg

cttccecceccecacce

tttcacatgy

attccctttc

cgggcagcadg

ccgatttggc

CCCCattttc

tcttecteggy

tctttagagt

cattgcgttc

cggtttcaga

dacadadddaaac

gggtctgcag

35

tcgccacagce
cocgegegeca
ggecgeggggt
gtgtggcatc
caccgcectcece

agctcaagcc

aggggtggca
cygygggyggagy
cgccgacgac
gaaggyggdgag
ggcagcctca
agggtgtgga
cctttgggac
cygggcecagyy
tttccggaayg

tactaagatt

tgagggggct
tgcgcgacgt
agtaactagc
gggtactgtc
gagccttccc
acgcgttagt
agcagcgccg
ttctcactac
catctecgetce
gtttgaaatc
tcggccagcc
cttaaggttt
ctcagcctcec
cggacgctgce
taaagcacgc
gtcctcgtga
ggccgccatt
ttagtgtgct
ctgttttcat
cctgegeacce
ggaagccaca
gaagatatca

cattttatgt

tcagtaaaac

tcocctaccecce

ggccagccgc

ccggcoegagaa

tgaagcacca

gagctgctcc

acatccgaag

ccgoccacgc

ggccygycygccC

cgcggcactt

gceggygygcegay

geggetggeyg

atcctceccaga

cactttcagc

gtgggtcatt

gggccgagtc

tttctggcgy

ggatctccag

ttctcacctyg

aggactctag

tctggcocgcea

gccattggeyg
g4g999g99gaagy
ggtccecgtgc
agcgccagga
ggctgcggga
aatgagttat
gccteccgtgy
atgaacgggyg
cggcgccatt
ccegetgggyg
tgcttcegggy
gcgaggctgc
ttcatggctc
ttctctatca
atcgtttcga
tcattaaagg
ccgaagagceg
ccacccagygyg

ttttectgtc

gacagatgaa

US 8,058,027 B2

-continued

ctcgagggca

gaggccaccg

gygggagdygygyga

ccagcgagcyg

gggtcgeggy

gg9g9gaygggay

cgggygcgygcca

gcgceccocgctyg

accgttcegeg

gacagtgacc

ccaaaaccgg

cgetggggda

agcgaactcet

gcggcegtgaa

aatccgccga

gggttatcat

gctgcggatt

ccttcgccaa

ccttccgcaa

agggtgggag

gcggataggyg

gttctagaaa

ggaggtgctc

cgagtccggt

aatcgggctyg

tgaaaagggc

gagagaggca

tcttgagcgyg

tcccecttecact

tgaaagtggg

gccacggcgt

ggagcttccc

gccttectet

agaagtagaa

ggtggatttg

cgctcagect

g99a4g4gygygygy

Cgtﬂgggﬂﬂg

CCCLCCLLLCC

ccgoggcaaa

gagcagtccc

ccecgaccectc

gygggagcegga

agagctagag

tctgcagcecgt

ccgggagctg

cygaaggygcedy

ggaattgggyg

gegtggegcece

ggagtctcct

actccgccca

gggggagttyg

cctgtacacc

caataatttg

gttggggcac

tggcgtaact

aagcccctcc

ggcaggygggcec

ttcattgagc

gagtacgcat

cgtttacgcg

agcggcggea

ctcgcagagt

tcgtgttegt

aagcgactga

atggcgaggc

ggaaatcgga

aggcctgagc

gggggtgggy

gcegcgygagyge

ctccteggeg

ctcoecoecectet

cagcgtttte

gtggttaact

gagtgttttg

cccectegat

gtgctccggg

ggttcaatgc

tttgagtaac

ataaacataa

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060
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attggaagcc

tattcgegtce

attttaagta

atagatgatt

catggcttca

cctgggecgc

aacattacat

tgaccctaag

tttggataaa

tgttataaat

ttaagaataa

aagactgctt

ttttacgagt

taggagttgg

ttaatgctgc

ttgcattatg

taacctagtt

gtgtagtaca

ttttgtgect

atcggccacg

agaatccttt

atgttgttac

acgaggaaag

gaggctcctt

tctgtatttyg

tgataagcat

cacgtttata

ttgtgaggta

gtacattatc

aaactagctyg

tgtgtctcat

catgaaaact

gagcatgcga

ttgctaggaa

cgtttgtagc

aacttttaag

gcatataaag

gtcgcttgec

<210> SEQ ID NO 4

<211> LENGTH:
«212> TYPE:

8285
DNA

37

agygdgceaggy

actgttctta
tgagaagttt
tgaaataacg
cctgtaatgce
aactttgtta
aaggtctcaa
aaataacatt
agtaatgagt
cgtaatttca
aaaaaatgaa
aggagctagt
acaggaaaaa
atggagggag
caaaaaataa
agttggtcct
acaggtttcc
atttcagctc

acatggccaa

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

agcttcaatyg

tgtaatatct

atttgactcc

agtcttggtt

atttaaagac

cacttagctyg

cttccacttce

cacgacaaat

Ccccattttt

agcacatttt

ctatatccca

gaatgcttta

aaaaaacact

acactcttgt

ctccceccaggt

atgccaccat

tgaccaggct

tttttagcac

aaccacatta

ccagggtaat

cttttgaaat

acctacagga

cagttaaaca

aggaaatatt

tcttcaggcet

tgctaaaata

caaggctcaa

gggcagacac

tcttgttcat

atctggaaac

cgcccaggcet

tcaagcagtt

gccgggctaa

ggtctcaaac

cctetgtgty

aaatatatta

aaactagtct

agacctcaaa

aagcaggtaa

tatagtaaag

ccactttccc

ctgcctettc

ddadacadaadda

ttgcttatat

cttctggaaa

ttagttcaaa

agttattttct

ggagtgcagt

ctcatgcctc

CCCLCttttgt

tcctgacctyg

acgaaggtgg
aggattccgt
aacccttacy
attttgtcct
gtatggattg
cCtttctcat
gcgaagdddydy
gtttaaaatc
CCCCgCctttt
gtttagagat
aataactatc
ttgatcattt
aaatctgaac
agctceccgtag
ttgattgaaa
ggatatcact
ttaacattca
tgaggttttt

tcaagtagct

gaggaaaata

catagtaaac

ctagtctgcet

tgagacacct

aagagccagyg

atgcactaaa

attcactaca

aactttttta

gaaattaaga

tattatcaca

gattaaaagt

cttacaaccc

ttccagtett

ggcgtgatct

agcctcoccaga

gtLttttatta

aagtgattca
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ttttcectgggce

ttaagttgta

ggacagatcc

tagttatact

atgtgcaaaa

tttgtttgeca

tctacctggt

gatagtggac

tgttagtgat

aacctatgtg

gtgacaagta

cagttaattt

tgggttttac

aactgggatg

attacgtgtg

ttctcetegtt

taagtgccca

cctattgact

atgcagatta

tacactccat

caccttcaac

aaaattcaaa

ttaaaaacaa

gtttcttact

cgtcgatcta

Ctctttccat

aatattcctce

ttcgacataa

caacadgacaa

accaccaaaa

tttttttgag

cagctcactyg

gtagctggga

gaaacagggt

ccagcctggyg

gggggaggdga
gagctgactc
atggaccttt
tcgattaaaa
ctgttttggy
atcttggttyg
tatttttctt
atcgggtaag
ttgtaaaact
ctgacgacaa
accatttcaa
CCLctttaat
cactacttcttt
agagcagcaa
actttttagt
tgaggttttt
gaatacagct

tggaaaattg

ttctaattag

aattttataa

tgtacaataa

gtgtctttac

attctaaaac

ctgtaaatcc

gtacttttte

CCCgtttttt

ttgaattttyg

atttttactt

taaaataaaa

taatacaata

acagggtctc

caacctccgc

ttataggcgyg

ttcaccatgt

cctcccaaag

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4180

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

38
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-continued
tgctggcatt acaggcgtga gccactgcgc ccggecctgt agtcttaaaa gaccaagttt 1080
actaattttc actcatttta acaacactgc aacaaacaac tatgcaggaa gtacctaaag 1140
ggtgatccag agaagcaagt agtagtgaca ggtcttaggt gaacctatga cagaccttgt 1200
atccaccceccece agatggtaaa agceccccagcece cceccttcectcaa ttcaaatatt aatgtcaaaa 1260
gcatcaatga tacagagaaa agataaatgce agaatgaaaa catggttcaa aatcctgata 1320
ccaactgcag ggtcaactat agagaccact aggaggttca attaaaggac aagattattt 1380
ttccataatce tctgtagata atatttccta ccacttagaa caaaactata aagctatcac 1440
ttcaagagac caacattaca aatttatttt aattccctaa ggtgaaaaaa atccttceccectt 1500
cctggtttct caagagaaag tctatactgg taaccaaatt cactttaaac aggcattttc 1560
tttggtatga cactatttaa gagaagcagg aaaccaacdt gaaccagctce tttccaatgg 1620
ctcaagattt cctatgagag gactaaaaat ggggaaaatt tttatgagag gattaaaaat 1680
gggggaaaaa aaaccctgaa atggttaatc agaagatcecct atgggctgag aaggaatcca 1740
tcttaacatt tcatcttaaa gcaaatgcta ttgceggggyg cagtggctca tgcecctgtaat 1800
cccagcactt tgggaggcceg aggtgggcag atcatctgag gtcaggagtt tgagaccagc 1860
ctgaccaaca tggagaaacc ccgtttctac taaaaataca aaattagcca ggcatagtgg 1920
tgcatgcctyg taatcccagce tacttgggag gctgaggcag gagaactgcect tgaacccagyg 1980
aggcttaagt tgcggtgagc caagatcacg ccattgcact ctagcctgga caacaagaga 2040
aaaactctgt ctcaaaaaaa cacaaaaaca aaaaacccaa atactattta aaaaagataa 2100
accttaattg ctcaatcatt aaagccatcc cacaagtaaa gcagcaagca daaaaaagtt 2160
aagaacacct caaggctaca gaaggacatt tcaagctatg caggcatatg aagtgtgcag 2220
acagatatgt aagaaaggcc tcaagactgc aaaagggcat ttcaagctat gcaagcatat 2280
aggtaacaca tacacacaca caaaataaaa tcccecctgaaa tacaaaaaca tgcagcaaac 2340
acctgacgtt tttggatacc atttctaagt caggtgttat gattctcatt agtcaagata 2400
cttgagtact gggcccaaac agctttctge cactgtacag tacaagaagg taggaataat 2460
ggtgggagga Jgcaaagacaa actgtaatag acagaagtgt atcagatacc tatactacat 2520
gaaaaacaaa acagctactg ccacaaaggg agdaaggctaa caaaataaag tcaacaataa 2580
atacagaaaa tgaaaaggat acacactaag gtttacaaaa aaaaaaaggc agacaaaatg 2640
ccatacagta ttcattcact actatggcat tcataagcta gtttcaaatg ctcactattt 2700
tcttttatag tatatatttyg ccttaaccca gcactttttt ccaaaagtgg atgagtcaaa 2760
ataaatttcce cattatttaa gtgaaattaa cagcacacat atctcacaac actaatgaat 2820
ttttaaaatg gaaagttaag aacttttaaa gtggccaacc tgtgatcctt cacaaaataa 2880
actaaataca ataacagacc ccaaaggcta tcaattgcecgt gcaaaaacaa cttcectgtttt 2940
ccagggtaaa cagaatctaa tgcagaatct aatgcagggt aaacagactt aatgcagaat 3000
ctaatgatgg cacaaattaa aaatcactaa cgtgcccttt ttagtgtgaa acccagagag 3060
agcacataca agccaaaaac aaatgcttta ttttacctag gagacattaa cattcacctt 3120
tacgtgttta agattaatgc aatgttaaat attgtgaaaa ctgtaacttt gaatttcatg 3180
atttttatgt gaatattcca gggtttaaaa aaacttgtaa catgacatgg ctgaataaga 3240
taaaaaaaaa atctagcctt ttctccecttce tggctcatat ttgcgatttc gatcattttyg 3300
tttaaaaaac aaaacactgc aatgaattaa acttaatatt cttctatgtt ttagagtaag 3360
ttaaaacaag ataaagtgac caaagtaatt tgaaagattc aatgactttt gctccaacct 3420

40



aggtgcacaa

ctggggattt

ttcaacgcty

cattgcactyg

gccagtatct

ggagagctgg

tggggaaaaa

gtagttttgt

gcatgacagt

tggattccaa

gatctgcgcet

gtctagaaag

ggggaccaat

aaaggacaat

agcactgtga

CCctttccaat

cgtgacactt

aagcccgygcy

gtggtcagceyg

gccacaccgc

gdacagccdy

ggcccaagtce

cgggtggggy

gctcccetacc

caggccagcec

gtceggcecgayg

tctgaagcac

ccgagcetgcet

ccacatccga

caccygCcCccac

ggggecgygcy

accgcggcac

aggcgyyggygcy

cagcggcetgg

gaatcctcca

accactttca

gggtgggtca

aggggcecgag

tttttcetgge

ctggatctcc

ggtaccttgt

aagaaaaatt

caaaaatgtyg

tccttcaaag

ccetgtaatyg

gaaatatgtg

aaacttgagt

tggaggccat

taaggtaagt

cccccaagta

cctacctaca

actttactygy

gtctttteca

ccttteggtt

atcttctetyg

cggtaattaa

tgaaaaaaga

tccagaggcc

catccgeggy

acgcgcctac

ccgogegoecy

tcgacccagc

aggygygaygyyy

ccectecgaggy

gcgaggcecac

aagdggygaggyy

caccagcgag

Cﬂgggtﬂgﬂg

ag9999a999Y

gecgygeyggce

ccgogeccgc

ttaccgttcyg

aggacagtga

cgccaaaacc

gacgctgggyg

gcagcgaact

Ctgcggcgtg

tcaatccgcc

gggggttatc

aggctgegga

41

tctttaaatt
atgccaacca
tgtatttcta
attagccttc
aattcgtttt
gatgtaaatt
taaatcctta
CCLCCcttatt
ttgcatgaca
gagagcgcac
ttgcttatga
ggatcctggt
atctaagtcc
taaaaccagg
ttctgcaatc
ataacaaaag
atcacctctt
taagcgeggy
gagaaacaaa
ccocecgegegyg
ccaggctcgc
ccocgegtggce
gaaatgcgct
cagagcagtc
cgcgocgaccce
gaggggagcy
cgagagctag
ggtctgcagc
agccgggagc
cacgaagggc
tgggaattgg
cggegtggceg
ccggagtcetce
ggactccgcc
gagggggagt
ctcectgtaca
aacaataatt
gagttggggc

attggcgtaa

ttaagcccect

gggctttaat

acaagggctt

tttgaagata

tttgaactag

Cctcttaatt

tctcagccac

catattttag

gcagacttga

caaaaaaggt

actttcaaac

tgtacttaayg

acctaaaaca

catttataat

cacgattacc

ccaacttggt

gaaaaaactt

gcaaacacCccc

tgcccgececc

ggccygcygygca

ccacgttaac

ggacygcggya

gctgggggag

ttgtctcgaa

ccoccactaa

tccactccett

gagaaccggy
agagaaggaa
gtctccggcec
tgcgegeggy
gdgggcagcyy
ggccctaggyg
cccggtggtce
ctcagcggtyg
cacttccteg
tgggagctta
ccaggggtca
tgactagaag
acggaaaaca

ctgcagggac

ccegtaggey

US 8,058,027 B2

-continued

gaaaatactt

taccatttta

aaaatcctca

ttaagacact

ttccectgta

agagatgcaa

gttttcatta

agagctatta

aactaaatac

gtgaatacaa

tacgtgtcct

gcttcacatyg

aaagtccatg

caaacaactc

ttctgctcag

aagatgcttc

gctccoccgacc

cacccgggag

cgggggctca

tggﬂggtﬂgﬂ

ccacgcgcecg

ggggﬂgﬂﬂtﬂ

atggggcaac

ctaccgggcet

ccegeagetce

ccocegggac

agccaccgac

ctccgegect

gecgecggyy

gegcygcgeyge

ggagygygcegya

cccaagggga

gcttttetge

ccecgecggtyg

aaaactagta

gttccacaga

ttgattcggy

aaaagggaag

cacctccecgyg

tTtaatttcaa

ctccagaatt
tgtaacattt
gcaaaatcca
attaagccaa
atttacactyg
agttatactyg
acttaccaat
ctagaaaaat
aaattctgtt
atccagagta
aaccatgtga
gcttaaaata
Ctccattett
acaacggtaa
aaaccctccc
aaccccgttt
ccecgecgcetyg
cgcgggectc
agggcactgc
cgcagcctcy
ccctecggga
cgccggaacyg
cgtcgccaca
ggccgcgcegce
ccggeygeyggy
gcegtgtggcea
ttcaccgcect

acagctcaag

ggaggggtgyg
gygcgygggggga
ggcgccgacyg
gdgaagggygy
ttggcagcct
cgagggtgtyg
ccecetttggy
cgcgggcecay
tgtttccgga
gctactaaga

gttgaggggy

actgcgcgac

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

42



gtttctcacc

gcaggactct

tctetggecy

ccgecattgy

gtggggggga
cgggtcceccgt
acagcgccag
ctgcgggaaa
tgagttattyg
ctccgtggga
gaacggggte
gcgcecatttce
cgetggggtryg
cttcecgggggc
gaggctgegy
catggctcgc
ctctatcaag
cgtttcgagyg
attaaaggcg
gaagagygcygdyy
acccagggcg
ttcetgtett
cagatgaacc
gaaggtggtt
gattccegttt
ccettacggyg
tttgtcctta
atggattgat
CCLtctcattt
gaagggggtc
ttaaaatcga
ttgcttttty
ttagagataa
taactatcgt
gatcatttca
atctgaactg
ctcecgtagaa
gattgaaaat

atatcacttt

aacattcata

tgccttegece

agccttecge

caagggtggg
cggcggatag
aggttctaga
gcggaggtgce
gacgagtccyg
tcgggctgaa
aaaagggcat
gagaggcagyd
ttgagcggag
ccttecactygg
aaagtggggc
cacggcgtct
agcttcccct
cttcctcectea
aagtagaagt
tggatttgga

ctcagccttc

gagggggggt

tcgggcecggy

CCCCELCcCttE

gcggcaaaat

ctctgggcgg

aagttgtaga

acagatccat

gttatacttc

gtgcaaaact

tgtttgcaat

tacctggtta

tagtggacat

ttagtgattt

cctatgtgcet

gacaagtaac

gttaattttt

ggttttacca

ctgggatgag

tacgtgtgac

ctcotegttty

agtgcccaga

43

aaggcaggdy
aattcattga
aggagtacgc
ggcgtttacyg
aaagcygygcdy
tcctcegecaga
gttegtgtte
gcgactgagt
gdgcgaggccd
aaatcggacc
gcctgagegt
gggtggggga
gceggaggcedyy
ccteggegag
cccecectetet
gcgttttect
ggttaactat
gtgttttgtyg
ccctegatga
gctccgggtt
ttcaatgcga
tgagtaacgg
aaacataaat
gggagggata
gctgactcat
ggacctttat
gattaaaaca
gttttgggcc
cttggttgaa
CCCLCCCLLLg
cgggtaagtt
gtaaaacttyg
gacgacaatt
catttcaaaa
tctttaattt
ctacttttta
agcagcaatt
Cttttagttt

aggtttttta

atacagctgt

ccgggaccect

gcgcatttac

atttggcgta

cgacggcctyg

cagcggctcet

gttgtttcte

gtcecgceggag

ccgcegatgga

ttggcgcectc

aattcagtag

acaaacagct

tggggagctt

gaattcttat

cgttteggcey

ccocgggaacc

tataactctt

CECLECLCLLEC

agcttggatc

aatggcgcca

tgﬂgggﬂﬂﬂg

gccgtaggac

ttttatctgy

tggaagccat

ttcgecgtcayg

tttaagtaat

agatgattac

tggcttcaga

tgggccgcetc

cattacattyg

accctaagca

tggataaatt

ttataaatgt

aagaataaaa

gactgctttyg

ttacgagtca

ggagttggga

aatgctgcectt

gcattatgcyg

acctagttaa

gtagtacagc

US 8,058,027 B2
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attccaagag

ggaagtaacg
aggtggggcy
acgtagcgga
agcggcagta
gagcagcggc
atctctctca
ggtaacgggdt
agtggaagtc
cagtggggcet
tccccaccecet
tcacatggcy
Cccctttcta
ggcagcaggt
gatttggcgyg
ttattttctt
ttctcggget
tttagagtcc
ttgcgttcgy
gtttcagaga
aaagaaacca
gtctgcagtc
cggccacgag
aatcctttac
gttgttactg
gaggaaagtg
ggctccttec
tgtatttgaa
ataagcataa
cgtttataaa
gtgaggtaag
acattatccyg
actagctgaa
tgtctcatag
tgaaaactac
gcatgcgaat
gctaggaaca
tttgtagcag
cttttaagac

atataaagat

gtagtaacta

tcgggtactyg

tagagccttce

agacgcgtta

gcagcagcgc

agttctcact

tctcocgectegy

Ctgaaatcaa

ggccagacgc

taaggtttat

cagcctececyg

gacgctgccc

aagcacgctyg

cctegtgage

ccgcecatttt

agtgtgettt

gttttcatat

tgcgcacctce

AadCeCcacacc

agatatcacc

Ctttatgttt

agtaaaacga

ggdgcagggac

tgttcttaag

agaagtttaa

aaataacgat

tgtaatgcgt

ctttgttact

ggtctcaagc

ataacattgt

taatgagttt

taatttcagt

aaaatgaaaa

gagctagttt

aggaaaaaaa

ggagdgagad

aaaaataatt

ttggtcctygyg

aggtttcctt

ttcagctctyg

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

44
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-continued

aggtttttce tattgacttg gaaaattgtt ttgtgcocctgt cgcecttgccac atggccaatce

aagta

<210> SEQ ID NO b5

<211> LENGTH:
<212> TYPE:

1551
DNA

<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 5

gggcgtctcc
aggcggagcd
gagatcgcca
gcggcgdcedy
ctecgeggagy
gdggcgcady
agaatgatga
aagatattga
gtgtcctect
aatgggatag

tattggttcg

tggtccaggy
gcaagggatt
ttgagctgaa
cgggtcecttc
tggaagaaga
tcttaccaga
aggaagaagt
caagtacctc
cctaaaaagy
gcataaggct
attatgctca
gcagcttgtt
gatagactct
tttacagcat

tggccaaaat

gccgcagctce

aggagctcgg

cagcgageygy

ggacggaggc

ccgagygagyga

ggccagcyCcy

acagggaaat

aaaagaggtc

tagctctgca

tgaagcttct

agcccttcaa

tacagttcct

agggatgcag

atctgtggcet

aagggattct

actagatctyg

tcagacgtct

ttgtgcaaaa

caaaaatgtt

ggaaaaaaag

gtccttcagyg

cagcagtaaa

gcatttgttt

ggcccttgtt

agcagatgcet

aaacaaatgc

<210> SEQ ID NO o

<211> LENGTH:
«212> TYPE:

362
PRT

ggctcccecgey
ggaggccgtyg
ccocggagecg
gdgacgccdgygd
gdgaggcgccc
ccggttgaag
tattctaaaa
aataatgaaa
ggggactcat
tgtccaaaac
gagctgcctc
ttagaggttc
ttaaaggggc
gctggctgcec
cagaaaccca
ttgcttaatt
caggacctga
ccatctgtga
accgaggaag
tgccectgaagce
accagccagt
tgcctacctce
ttctggctta
tctagecctcec
gctgctgatt

tggtctgtcc

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: o

cgctcagcac

ggcgygcgygcec

cagcggeggt

gcegtggeceg

cgcgagygeay

atgacagcga

gaaagattgt

gtggagagtc

tctcacagtt

agaattcagc

tctgccectecy

ctcaggtgaa

ccttggggcec

ctgtgttget

cttccececact

tagatgcacc

aatccaagga

ctgaagaaaa

agctggaaga

aaatcttggt

ttacaagcat

tgtgtttgac

gtaatctaat

ttccttgcag

aagagaatag

ddddaaddaad

cgccagceggc
aggccgceggce
agccagaggc
tggcegggge
ccgccgyggdygay
tgcagagacc
ctctaactgy
acagagggga
ccggtttget
attttatgtg
actcaacgtt
accaaagaga
tggaggaadgg
gggcaaagac
gcagtcagca
tataaaagag
agatggggag
aaacatggaa
ctggttggac
tgccttctaa
gtctcaagct
atctgaaaga
agatttcctt
tgtttacaac
atgcaaacaa

ddddadaddadad

ggccagatgc
cggecetggceg
gdgcggcggag
ttcecgecggey
ccgggagget
tatggagaag
gatcgatatc
acagatttca
gaggagaaag
gatagtgagt
gctgccgaac
actgatgatyg
gggcccatct
aacccaagcc
ggagaccatt
ggagataaca
gtggtccaag
cctgagcaac
agcatgattt
cggcaggtgg
agtgtgttcc
atacattgaa
aagggcagga
atagccagtyg
ggcatgcatt

a

Met Gln Ala Glu Arg Gly Ala Arg Gly Gly Arg Gly Arg Arg Pro Gly

1

5

10

15

Arg Gly Arg Pro Gly Gly Agsp Arg Higs Ser Glu Arg Pro Gly Ala Ala

20

25

30

Ala Ala Val Ala Arg Gly Gly Gly Gly Gly Gly Gly Gly Asp Gly Gly

35

40

45

8280

8285

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1551



Gly
Gly
65

Gly

Glu

ASh

Leu
145

Leu
Leu
225

ITle

Ser

Leu

ASp

305

Gln

Met

Leu

Arg

50

ATy

Trp

Thr

Ile

AgSh

130

Ser

Glu

Val

Leu

Glu

210

Gly

Phe

ASp

Pro

Leu

290

Gln

Glu

Glu

Glu

Arg

Gly

Gly

Val

115

Glu

Ser

Trp

ASP

ATrg

195

Val

Met

Glu

Agn

Leu

275

AgSh

Thr

Glu

Pro

ASP
355

Gly

Gly

Ala

Gly

100

Ser

Ser

Ala

ASP

Ser

180

Leu

Pro

Gln

Leu

Pro

260

Gln

Leu

Ser

Glu

Glu

340

Trp

Arg

Gly

Gly

85

Glu

Asn

Gly

Gly

Ser

165

Glu

Asn

Gln

Leu

Lys

245

Ser

Ser

AsSp

Gln

Val

325

Gln

Leu

<210> SEQ ID NO 7

<211> LENGTH:

1234

<212> TYPE: DNA

Gly

Gly

70

Ala

Glu

Trp

Glu

ASpP

150

Glu

Leu

Val

Val

Lys

230

Ser

Pro

Ala

Ala

ASpP

310

Pro

ASpP

47

Arg

55

Ala

Ser

AsSn

Asp

Ser

135

Ser

Ala

Leu

Ala

Lys

215

Gly

Val

Gly

Gly

Pro

295

Leu

Ala

Ser

Ser

Gly

Pro

Ala

ASP

ATy

120

Gln

Phe

Ser

Val

2la

200

Pro

Pro

Ala

Pro

ASP

280

Tle

Thr

Met
360

<213>

<400> SEQUENCE:

gtcgcgegtt ctgctegecy

cygyggcyggcyy
ggcgcetggceg
ccgecgaggc
cggcggagcc

tgatgagcaa

ORGANISM: Mus

7

ggagygccydydy
agaggaggct
cgaggaggtg
agcactcggyg

ggaaattttt

musculus

gcggcectcecat

AgCcygygCcCccdy

geggygygacydy

gﬂggﬂﬂtgﬂg

tggaagaaga

ctagaagaaa

Arg

ATg

Pro

Glu

105

Arg

Ser

ATrg
185

Glu

Leu

Ala

Ser

265

His

Ser

Pro

Ser

345

Tle

Gly

Gly

Val

50

Gln

Gln

Gly

Gln

Pro

170

2la

Leu

Arg

Gly

Gly

250

Arg

Leu

Glu

Ser
330

Ser

Phe

Ser

75

Glu

Gly

ASDP

Thr

Phe

155

Leu

Val

Thr

Pro

235

Cys

ASp

Glu

Gly

Glu

315

Val

AgSn

gcaggctgag

agyygygaccda

aggcggcecygy

Agyg CcygygC CgcC

cagcgattca

gattgtctcc

-continued

ATYg

60

ATY(

ASDP

ASn

ITle

ASDP

140

AYg

Gln

Gln

Gln

ASDP

220

Gly

Pro

Ser

Glu

ASDP

300

ASpP

Thr

Val

Gly

Arg

Asp

Glu

125

Phe

Phe

Agh

Glu

Gly

205

Asp

Gly

Val

Gln

Glu

285

Agh

Gly

Glu

Thr

Ala

Glu

Ser

Ser

110

Ser

Ala

Ser

Leu

120

Thr

Gly

ATrg

Leu

Lys

270

Leu

Tle

Glu

Glu

Glu
350

Arg

Pro

ASpP

55

Glu

Val

Glu

Ala

175

Pro

Val

Gly
Leu
255

Pro

ASpP

Leu

Val

Lys

335

Glu

US 8,058,027 B2

Gly

Gly

80

Ala

Arg

Val

Leu

Glu

160

Phe

Leu

Pro

Gly

Pro

240

Gly

Thr

Leu

Pro

Val

320

Agn

Glu

cgcggggceta
gagccggtcg
cggggcecgag
tgggagcctg
gagacctatg

aactgggatc

gg9ggeggcecd

gggcagcdac

gﬂﬂggggﬂtt

gaggccggyy

gagaagagaa

gctatcaaga

60

120

180

240

300

360

48



tactgaaaag

cctectgagc

ggatggtgaa

ggttcgagcc

ccagaccaca

ggagctgggce

ccecaggtcet

acctacccecca

tttagatgca

ggaaccagaa

gaccagagag

agagctggag

cctgaagcaa

ttaccagcta

gtgtttgatg

gaggtcaatg

tctgcaggygyg

acttcatgtc

cttgagcagc

attcctttag

atgcatttaa

ctgggcagag

acacagtcag

cctgtgcaag

aaagatgggc

aagaatgtgyg

gactggctgg

atgctggttyg

ccccatgcta

gcatctgaat

«<210> SEQ ID NO 8

<211> LENGTH:
«212> TYPE:
<213> ORGANISM: Mus

342
PRT

<400> SEQUENCE: 8

49

gtgaaagtgg
actccttttc
caaaacagaa
tgcctettyge
aacttccaca
ggggacccat
gcagtctaag
tggcagacca
aggaaggcat
aggtagccca
aacctgagca
acagcatgat
ccttetgtgt
acacgtcctg

atatgtatga

musculug

agaatctcag

acagttccga

ttcagcactc

agtcaggctt

ggtgaaacca

ctctgagcetc

gcaaagccct

cctggaagaa

tatctctcca

ggaggaaaca

gccaagcaca

ttcctgaagc

aatgagcccy

ttatgcttac

ggcCcC

US 8,058,027 B2

-continued

cggggcacag
tttgctgagyg
tacgtggaca
aatgttgett
aggagaaacg
agatctgctg
ttagaaggtt
gaactagata
gaccagacat
ggtcctgaaa
tcgaagaatg
ggggtcaagyg
tcttgtgagy

agcagccaac

acttcagtgt

agaaagaatg

gtgagtcact

cagaattgat

atgatggcaa

ctggtgcttyg

tgcagaaagc

tgttgctgca

ctcgggacca

aaccttctgt

tcaccgagga

gggaagagtyg

acgggctcegt

acctacctct

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1234

Met

1

Arg

Leu

ATg

Trp

65

ASP

Phe

Glu

Phe

Phe

145

Asn

Gln

Thr

ASp

Gln

Glu

2la

Gly

50

Glu

Ser

Sexr

Ser

130

Ala

Ser

Leu

Thr

Gly
210

Ala

Arg

ATrg

35

Phe

Pro

ASP

Arg

Glu

115

Val

Glu

Ala

Pro

Tle
195

Glu

Pro

20

Gly

ATJg

Gly

Ser

ATy

100

Val

Leu

Glu

Leu

Leu

180

Pro

Glu

Arg

5

Gly

Gly

ATy

Gly

Glu

85

AsSn

Leu

Tyr
165
Ala

Leu

Leu

Gly

Gly

Gly

ATrg

70

Thr

Tle

Gly

Ser

Glu

150

Val

Val

Glu

Gly

Ala

Asp

Gly

Arg

55

Gly

Val

Glu

Ser

135

Trp

AsSp

Arg

Leu

Met
215

ATy

Arg

ASP

40

Gly

Gly

Gly

Ser

Ser

120

2la

ASpP

Ser

Leu

Pro
200

His

Gly

Glu

25

Gly

Gly

Gly

Glu

AgSh

105

Gly

Gly

Gly

Glu

Agn

185

Gln

Leu

Gly

10

Pro

Gly

Gly

2la

Glu

90

Trp

Glu

ASpP

Glu

Ser

170

Val

Val

ATYg

Val

Gly

Gly

Ser

75

Agnh

ASpP

Ser

Ser

Thr

155

Leu

Ala

Gly

Gly

Gly

ATYg

Leu

60

Thr

ASDP

ATrg

Gln

Phe

140

Ser

Val

Ser

Pro

Pro
220

Arg

Ala

Arg
45

Arg

Arg

Glu

Arg
125

Ser

Arg

Glu

Arg
205

Tle

ATg

Ala

30

Gly

Gly

Val

Gln

Gln

110

Gly

Gln

Pro

Ala

Leu

120

ATrg

Ser

Gly

15

Thr

Arg

Gly

Glu

Gly

95

ASpP

Thr

Phe

Leu
175
Ile

Agn

Glu

Gly

Ala

Gly

ATrg

Glu

80

Agn

Thr

ASDP

ATrg

Gln

160

Glu

Gln

ASp

Leu

50



Arg

225

ATg

Ser

ASp

ATg

Gly

305

Gln

Leu

<210>

Ser

Gln

Val

2la

ASpP

290

Pro

Pro

ASp

Ala

Ser

Ala

Pro

275

Gln

Glu

Ser

Ser

Ala

Pro

ASP

260

Val

Glu

Thr

Met
240

Gly

Leu

245

His

Gln

Pro

Pro

Ser

325

Tle

Ala

230

Glu

Leu

Glu

Glu

Ser

310

Ser

51

Gly
Glu
Glu
Lys
295

Val

Asn

Pro

Leu

Glu

Gly

280

ASP

Thr

Val

Arg

Gln

Glu

265

Tle

Gly

Arg

Thr

Ser

Lys

250

Leu

Tle

Gln

Glu

Glu
330

Leu
235

Ala

ASpP

Ser

Val

Liys

315

Glu

-continued

Gly Arg Gly Ser

Pro

Met

Pro

Ala
200

Agnh

Glu

Thr

Leu

Asp

285

Gln

Val

Leu

Pro

Leu

270

Gln

Glu

Glu

Glu

Thr

255

His

Thr

Glu

Pro

ASP
335

US 8,058,027 B2

Leu
240

Gln

Leu

Ser

Thr

Glu

320

Trp

<211l>
<212>
<213>
<400>
atggagttgt
tctgccagaa
tatagagcta
atttttgctt
Ctagattttt
gatcaatgga
gctctgtgga
ccgcacggtt
ctggaccctt

<210>
<211>

SEQ ID NO 9
LENGTH :
TYPE :
ORGANISM: Homo sapilens

504
DNA

SEQUENCE: 9

ggagtgagtt
cttccagetyg
aggaggagta
ctttgaattt
cttctceccectygg
gcgcoccaaac
gaaccttgct
tggatccagt

caacggaatt

SEQ ID NO 10
LENGTH:

167

acaaagttat

ttggagaatc

ctcttegeygy

ggggcatcac

ccgtacggtt

tcatctgtcyg

acddgagdaad

gcadgaaqgay

gtaa

cagaacctcc

ctttttgget

tttgctgacc

CCcattttttc

tctgggctty

cagggttata

agggtcttag

gaggayggaygy

gacgcttgcet

caactttaac

ttttgtcegea

aagaaattgt

CCtttatttyg

ctctggatta

gttgcttgcc

aggagaacct

ggagttggct

taatgtaatc

taaccctgga

gatcagaaat

Ctttatattyg

catggcaatg

ggcgcagcgt

gaggygcecgyge

«212>
<213>

<400>

TYPE :
ORGANISM: Homo saplens

PRT

SEQUENCE :

Met Glu Leu Trp

1

Leu

Gly

Ser

Leu

65

Leu

Glu

Ser

Arg

50

Agn

ASpP

Phe

Leu

Thr

35

Phe

Leu

Phe

Tle

Ala

20

Leu

Ala

Gly

Ser

Leu
100

10

Ser
5

Ser

Thr

AsSp

His

Ser

85

Asp

Glu

Ala

Asn

Leu

His

70

Pro

Gln

Leu

Arg

Val

Leu

55

Ser

Gly

Trp

Gln

Thr

Ile

40

Ser

Phe

ATy

Ser

Ser

Ser

25

His

Phe

Thr

Ala
105

Tyr
10

Ser

Arg

AgSh

Gln

Val

50

Gln

Gln

Ala

Pro

Glu
75

Ser

Thr

AsSn

Trp

Gly
60
Ile

Gly

Hig

Leu

Arg

Glu

45

ITle

Vval

Leu

Leu

ATg

Tle

30

Glu

Phe

Tle

Ala

Ser
110

ATrg
15

Leu

Ala

Arg

Phe

55

Gln

Leu

Phe

Ser

Ser

Agn

80

Ile

Gly

60

120

180

240

300

360

420

480

504

52



Arg

ASpP
145

Leu

Thr
Lys
130

Pro

ASp

Leu
115

Val

Pro

ASP

Val

Gln

Ser

Tyr

Leu

Glu

Thr

Met

Gly

Glu

150

Glu

53

Ala
Cys
135

Glu

Leu

US 8,058,027 B2

-continued

Met Ala Leu Trp Arg Thr Leu Leu Arg

120

125

Leu Pro Ala Gln Arg Pro His Gly Leu

140

Glu Glu Glu Glu Asn Leu Arg Ala Gly

165

<210> SEQ ID NO 11

<211> LENGTH:
<212> TYPE:

449
DNA

<213> ORGANISM: Gallus gallus

<400> SEQUENCE: 11

aagcttettt
acctttgatc
atgtaatgta
ttggcctceac
gattattaca
cgtgtgettt
aaagtaatat
gttacatttt
<210>

<211>
<212 >

ggaaatacac

ccaatgaaat

attttacacc

cetettgtgt

ttatgaaaga

tataaataca

aaaaaggacc

tatgaagatt

SEQ ID NO 12
LENGTH :

TYPE:

660
DNA

cgacttgatt

cgagcatttc

cccagtgety

actgtatttt

gacattctgc

agtgattgca

aggtgtttta

accagcgct

<213> ORGANISM: Gallus gallus

<400>
gcgctgcetga
ttcccaattt
atgggagctt
ctctcagaat
ccagcaggcc
gtaagatggt
atctctacct
cttttagett
tccaactttt
gaccattttt

tgcagtgctc

SEQUENCE: 12

Ctttctaaac

gcacaaggat

gtctgagttyg

gcccaactcec

aaagagtctyg

atcctagcaa

ttagggatcyg

tcatgggttc

gtgttggtct

atattaaaaa

attatgtcag

«<210> SEQ ID NO 13

<211> LENGTH:
«212> TYPE:

1668
DNA

ataaggctgt

gtctgggtaa

gaatgcagag

aaaggattta

ctgaatgttyg

ctgcggattt

Cttcatcatt

CCLCLCLCLLCEtcCca

taaactgcaa

atacttttgt

ttctgtcaga

<213> ORGANISM: Gallus gallus

<400> SEQUENCE: 13

155

gaagtctctt

agttgtaaaa

acactttgga

gtaatagaaa

tgatcttcaa

aattagtgca

caagtgaaat

attgtcttec

actattcaag

ttgcactgca

tatgtgtata

cgttgccgga

taatacattt

tttagatgtt

gcctttagga

tagtagttta

ctgtcttcat

tattcacaca

gaagatagta
gaattccgcec
atatattcaa
atattttaaa
atgtaagaaa
ggtgtcctta

acattcctat

tgtaccattyg
aaatggcttt
aaatgtcagyg
tagtaagcag
gacctgtatt
tcagcagaag
atacttgaaa
gactgttaag
ccttgtattyg
tttgacttgt

CCcaaaactta

160

aacagtactt

tattcatacc

gtaatagact

ctgtgcatat

atgaggagtyg

ddddaaddadad

ttggaaaaca

catttcctceca

gaaatacagc

aaatggatgt

tttcectgatt

tctcaacaag

tacttagtta

tactgcataa

caatttgctg

aagaaataaa

ctgatatcct

acgtgagctc

ggatccataa tataactgta ccaggttttg gtttattaca tgtgactgac ggcttcctat

gcgtgctcag aaaacggcag ttgggcactg cactgcocccgg tgatggtgcece acggtggctce

ctgccgectt ctttgatatt cactctgttg tatttcatcect cttgttgecg atgaaaggat

60

120

180

240

300

360

420

449

60

120

180

240

300

360

420

480

540

600

660

60

120

180

54



ataacagtct

tgaatattgy

ggttggdtgg

CCCLCCCLCtta

gacaggtcag

Ctcattccct

ttgatcggaa

acatgagata

agtgagcgtt

attLttttacc

atgttgataa

tatatggcat

tgtgtgtaca

ctgtcgttygy

aaggcgggtt

atccaggaca

gtagatccac

gaagcaagct

tttaaacaca

gcagctgttt

tcgtgttggg

CCtCcaaacca

gatattctca

ttgtaaatta

gtgtaggctc

ctgaggaaat

ataaggctgt

tggcagctca

agtaaggtgt

aaacatttct

CCCLCgcCctttce

cttgaggttt

ccttattaag

ctctggtttt

tgatgatcta

cttcoggattt

ttatagaaat

ggtcaaacag

ttettgtgtt

gtcacatggyg

ctaaactgct

gtgcatattc

gcatggattt

gttgcagcat

acggcactgc

acacgctgcec

tcttagcagt

tgggatgtct

tgcacttgtt

tggtgtggcce

<210> SEQ ID NO 14

<211> LENGTH:
<212> TYPERE:

416772
DNA

3

acttggtatt
gtgtccttty
gtgacaggag
CctCtLCtttct
tcaaaagaag
tgtgccaatg
ttatttatag
tttaggccag
tttcctttga
gttgcatacc
acatgttgta
acgtaattcc
acttcactcc
gtaaggatac
ttcaaatgta
tctgcaactyg
ttaaagaaga
atttgggact
gctaacgagt
cttgcagtga
acacagccac
agtagatgag
CLtttccecat
agttcctgaa

tgtgtetgty

tcttcetgate

tcttgggaga

aggttttttt

tagtaaaatt

aaccttttgy

cetttggttce

tgtggcttga

cttgatgcett

aactggcgag

caaatgcttyg

tatacttgtc

tgatttcctt

Catttttatt

agccttaaat

aaacgggcac

aggtataaat

atgaatactt

taaattattt

cacagcattt

gcattgcaga

ctcccgaaca

ttactatgaa

gttgggcaaa

Ccctttctat

ctCtcaatctt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Desgcription of Artificial Sequence:

vector

<400> SEQUENCE: 14

aggtcactgt

gtatcgataa

cacgcagatyg

tgtggcctcy

gcagatctcg

gaagacgcca

gctggagagc

tttacagatyg

cggttggcag

agtgaaaact

gacctagatc

gcttcgaccy

cagtcggggc

aacaccgagc

agagatctcg

aaaacataaa

aactgcataa

cacatatcga

aagctatgaa

Ctcttcaatt

cgcaggtcac

atccggeccc

ggﬂgﬂggtﬂﬂ

gaccctgcag

aggcatgcaa

gaaaggcccy
ggctatgaag
ggtgaacatc
acgatatggyg

ctttatgccyg

tgtgacctac

gcccagcegtce

gaggtccact

cgacccgcett

gcttggcatt

gcgccattet

agatacgccc

acgtacgcgy

ctgaatacaa

gtgttgggcyg

US 8,058,027 B2

-contilnued
agcgttttta taagtaatgt 240
caaagcccac agcaggtggt 300
gcctgttttt tttgttgttt 360
tctactggac tgtatgtttt 420
aaactgtaca gcccttttcet 480
tgattgcatt atggaaaacyg 540
aagcttggat agctgttgtt 600
tatttttttt cctttgaagt 660
gcttagattt ttctaatggyg 720
taaatgtttt cctagttaac 780
atctgtgttt ctagtaaaaa 840
ttcttttttat ctctatgctc 900
tatagaattt tatatgcagt 960
ttcctagage gatgctcagt 1020
gtttgctgct gccttceccag 1080
cgcttcagat cccaggaagt 1140
tctaaaatat gttggcatag 1200
tggtaacgga gtgcataggt 1260
atgcagaagt gatgcctgtt 1320
taggggtggyg gtgctttgtyg 1380
tatctcacct gctgggtact 1440
acagagaagt tcctcagttg 1500
gtatgataaa gcatctctat 1560
agcaccactt attgcagcag 1620
ttaagctt lo668
Synthetic
atctgatatc atcgtcgacyg 60
ttgtcattgg cgaattcgaa 120
tcgcatatta aggtgacgcy 180
aacagcgtca acagcgtgcc 240
ccggtactgt tggtaaaatyg 300
atcctctaga ggatggaacc 360
tggttcctgg aacaattgcet 420
aatacttcga aatgtccgtt 480
atcacagaat cgtcgtatgc 540
cgttatttat cggagttgca 600

56



gttgcgcccy
cagcctaccg
aaattaccaa
cagtcgatgt
gtaccagagt
actgggttac
gccagagatce
ccattccatce
gtcgtcttaa
attcaaagtg
gacaaatacyg
gaagtcgggy
ctcactgaga
gtcggtaaag
ctgggcgtta
gtaaacaatc
gacatagctt
attaaataca
cccaacatcet
gccgecocgtty
gtggccagtc
gtaccgaaag
gccaagaagyg
cttagctatt
attggtgccc
cagaaattcg
aactacctac
ttaaactact
gggagcagtyg
ctagtgatga
aggtagaaga
ttagtaatag
tatacaagaa
atcataacat
atgctcaaaa
tgatgtatag
cttgctttaa
gttgttgtta
aatttcacaa

aatgtatctt

cgaacgacat

tagtgtttgt

taatccagaa

acacgttcgt

cctttgatcey

ctaagggtgt

ctatttttygg

acggttttygy

tgtatagatt

cgttgctagt

atttatctaa

aagcggttgc

ctacatcagc

ttgttccatt

atcagagagyg

cggaagcgac

actgggacga

aaggatatca

tcgacgcggyg

ttgttttgga

aagtaacaac

gtcttaccgyg

gcggaaagtc

gtaatactgc

ttaaacgcct

ccggatcettt

agagatttaa

gattctaatt

gtggaatgcc

tgaggctact

cccecaaggac

aactcttgcet

aattatggaa

actgtttttctt

attgtgtacc

tgccttgact

aaaacctccc

acttgtttat

ataaagcatt

atcatgtctyg

S7

ttataatgaa
ttccaaaaag
aattattatc
cacatctcat
tgacaaaaca
ggcccttecy
caatcaaatc
aatgtttact
tgaagaagag
accaacccta
tttacacgaa
aaaacgcttc
tattctgatt
ttttgaagcy
cgaattatgt
caacgcctty

agacgaacac

ggtggccccc
cgtggcaggt
gcacggaaag
cgcgaaaaag
aaaactcgac
caaattgtaa
gatgagtggc
ggtgctacgc
gtgaaggaac
agctctaagg
gtttgtgtat
tttaatgagg
gctgactetce
tttcectteag
tgctttgeta
aaatattctg
cttactccac
Cttagctttt
agagatcata
acacctcccc
tgcagcttat

tttttcactyg

gatccgtcga

cgtgaattgc

gggttgcaaa

atggattcta

ctacctcccg

attgcactga

catagaactyg

attccggata

acactcggat

ctgtttttac

CCLtcattct

attgcttetg

catcttccag

acacccgagyg

aaggttgtgg

gtcagaggac

attgacaagy

ttcttcatag

gctgaattygyg

cttcecgacy

acgatgacgyg

ttgcgcggag

gcaagaaaaa

aatgtaactyg

aggycgyyggce

ctgaataagt

cttacttctyg

Caaatataaa

tttagattecc

aaaacctgtt

aacattctac

aattgctaag

tttacaccac

taacctttat

acaggcatag

taatttgtaa

atcagccata

ctgaacctga

aatggttaca

cattctagtt

gggggatcca

US 8,058,027 B2

-continued

tcaacagtat

aaattttgaa

aaacggatta

gttttaatga

taatgaattc

cctgcegtceag

ctgcgatttt

atttgatatg

gatcccttca

tcgccaaaag

gygdgcygcacc

ggatacgaca

gggatgataa

atctggatac

ctatgattat

atggatggct

ttgaccgcectt

aatcgatatt

atgacgccgy

aaaaagagat

gagttgtgtt

tcagagagat

tattcagcga

gtaatttttt

gataataagc

tggtgtgaca

atttttaagt

aacctatgga

ttgctcagaa

CCcCctccaaaa

ttttttgagt

aaaggaaaaa

aagtaggcat

agtgtctgcet

aggggttaat

ccacatttgt

aacataaaat

aataaagcaa

gtggtttgte

ctagttctag

gaacatttcyg

cgtgcaaaaa

ccagggattt

atacgatttt

ctctggatcet

attctcgcat

aagtgttgtt

tggatttcga

ggattacaaa

cactctgatt

tctttcgaaa

aggatatggg
accygyggcgceyd
cgggaaaacyg
gtccggttat
acattctgga
gaagtcttta
gttacaacac
tgaacttccc
cgtggattac
tgtggacgaa
cctcataaag
tgacgaaatt
taaggcagtt
ggatgaatgyg
taattggaca
gtataatgtg
actgatgaat
gaaatgccat
aagaagagaa
catgctgtgt
gctgcactgce
aacagttata
attaataact
aaggaatatt
agaggtttta
gaatgcaatt
tagcatcaca

caaactcatc

agcggacgcc

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000
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accgggatcce ataatataac tgtaccaggt tttggtttat tacatgtgac tgacggcttc 3060
ctatgcgtge tcagaaaacg gcagttgggce actgcactgce ccggtgatgg tgccacgdtyg 3120
gctecectgeeg ccttetttga tattcactcect gttgtatttce atctecttgtt gccgatgaaa 3180
ggatataaca gtctctgagg aaatacttgg tatttcttct gatcagcecgtt tttataagta 3240
atgttgaata ttggataagg ctgtgtgtce tttgtcettgg gagacaaagce ccacagcagg 3300
tggtggttgg gtggtggcag ctcagtgaca ggagaggttt ttttgcectgt tttttttgtt 3360
gttttttttt tttaagtaag gtgttctttt ttcttagtaa aatttctact ggactgtatyg 3420
ttttgacagg tcagaaacat ttcttcaaaa gaagaacctt ttggaaactg tacagccctt 3480
ttctttcatt ccctttttge tttcectgtgcecec aatgectttg gttctgattg cattatggaa 3540
aacgttgatc ggaacttgag gtttttattt atagtgtggce ttgaaagctt ggatagctgt 3600
tgttacatga gataccttat taagtttagg ccagcttgat gcectttatttt ttttcctttyg 3660
aagtagtgag cgttctctgg tttttttcecct ttgaaactgg cgaggcttag atttttctaa 3720
tgggattttt tacctgatga tctagttgca tacccaaatg cttgtaaatg ttttcctagt 3780
taacatgttg ataacttcgg atttacatgt tgtatatact tgtcatctgt gtttctagta 3840
aaaatatatg gcatttatag aaatacgtaa ttcctgattt cctttttttt ttatctctat 3900
gctectgtgtyg tacaggtcaa acagacttca ctcctatttt tatttataga attttatatg 3960
cagtctgtcg ttggttcttg tgttgtaagg atacagcectt aaatttceccta gagcgatgct 4020
cagtaaggcg ggttgtcaca tgggttcaaa tgtaaaacgg gcacgtttgce tgctgcecttce 4080
ccagatccag gacactaaac tgcttctgca actgaggtat aaatcgcecttc agatcccagyg 4140
aagtgtagat ccacgtgcat attcttaaag aagaatgaat actttctaaa atatgttggc 4200
ataggaagca agctgcatgg atttatttgg gacttaaatt attttggtaa cggagtgcat 4260
aggttttaaa cacagttgca gcatgctaac gagtcacagc atttatgcag aagtgatgcc 4320
tgttgcagct gtttacggca ctgccttgca gtgagcattg cagatagggg tggggtgcett 4380
tgtgtcgtgt tgggacacgc tgccacacag ccacctcecceccecg aacatatctce acctgcetggyg 4440
tacttttcaa accatcttag cagtagtaga tgagttacta tgaaacagag aagttcctca 4500
gttggatatt ctcatgggat gtctttttte ccatgttggg caaagtatga taaagcatct 4560
ctatttgtaa attatgcact tgttagttcc tgaatccttt ctatagcacc acttattgca 4620
gcaggtgtag gctctggtgt ggcctgtgtc tgtgcttcaa tcttttaagce tt 4672
What is claimed 1s: 50 from host cell protein and DNA, thereby to enrich for the

1. A method of enriching for a recombinant protein 1n cell

culture, the method comprising:

a) transfecting 1nto a host cell, a first nucleic acid molecule
comprising a nucleotide sequence encoding a recombi-
nant protein and a second nucleic acid molecule com- 55
prising a nucleotide sequence encoding at least one anti-
apoptotic protein selected from a protein comprising the
amino acid sequence set forth 1n SEQ ID NO:6, 8 or 10
or a functional fragment thereof having anti-apoptotic
activity, wherein both nucleotide sequences are operably 60
linked to a DNA element comprising a nucleotide
sequence set forth in SEQ ID NO:1, wherein the DNA
clement 1s capable of opening chromatin and/or main-
taining the chromatin in an open state; and

b) culturing the host cell under conditions such that the 65
recombinant protein 1s produced in the presence of
reduced levels of one or more contaminants selected

recombinant protein in cell culture.

2. The method of claim 1, further comprising the step of
harvesting the recombinant protein from the cell culture.

3. The method of claim 2, wherein the levels of one or more
contaminants selected from host cell protein and DNA are
reduced during the harvesting step.

4. The method of claim 1, wherein both the first nucleic
molecule and the second nucleic acid molecule are cloned

into a single vector.

5. The method of claim 1, wherein the first nucleic acid
molecule and the second nucleic acid molecule are cloned
into separate vectors.

6. The method of claim 4 or 5, wherein the vector 1s a
plasmaid.

7. The method of claim 4 or 5, wherein the vector 1s a viral
vector.
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8. The method of claim 1, wherein the second nucleic acid
molecule 1s introduced betore the first nucleic acid molecule.

9. The method of claim 1, wherein the first and the second

nucleic acid molecules are introduced simultaneously.
10. The method of claim 1, wherein the first nucleic acid

molecule comprises two nucleotide sequences, each encod-

ing a recombinant protein.

11. The method of claim 1, wherein the first nucleic acid
molecule further comprises one or more nucleotide
sequences chosen from: (a) a nucleotide sequence capable of
enhancing translation; (b) a nucleotide sequence capable of
increasing secretion; and (¢) a nucleotide sequence capable of
increasing the mRNA stability, wherein the one or more
nucleotide sequences set forth 1n (a)-(c) are operably linked to
the nucleotide sequence encoding the recombinant protein.

12. The method of claim 1, wherein the host cell 1s a
mammalian cell.

13. The method of claim 12, wherein the mammalian cell 1s

chosen from a BHK?21 cell, a CHO cell, a CHO-K1 cell, a
CHO-DUXX cell, an NSO cell or an Sp2/0 cell.

14. The method of claim 12, wherein the mammalian cell 1s
a Chinese Hamster Ovary Cell (CHO cell).

15. The method of claim 1, wherein the recombinant pro-
tein 1s a therapeutic protein.

16. The method of claim 1, wherein the recombinant pro-
tein 1s an antibody or an antigen-binding fragment thereof.

17. The method of claim 16, wherein the antibody 1s a
monoclonal antibody.

18. The method of claim 1, wherein the host cell 1s cultured
in serum free medium.

19. The method of claim 18, wherein the medium 1s free of
amimal products.

20. The method of claim 18, wherein the medium 1s a
protein iree media.

21. The method of claim 1, wherein the transfecting step
comprises: (a) placing the host cell in an electroporation
device comprising a barrier having an opening suitable for
receiving the cell; (b) securing the host cell in the opening; (¢)
contacting the host cell with an electric current such that the
current passes through the host cell; (d) monitoring the ratio
between the current and voltage 1n the electroporation device;
and (e) adjusting the magnitude of the voltage to optimize
clectroporation.

22. The method of claim 21, wherein the barrier comprises
a dielectric material.
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23. The method of claim 1, wherein transfection comprises
clectroporation.

24. A method of harvesting a recombinant protein
expressed according to the method of claim 1, wherein the
harvesting step does not comprise the use of protein A and
comprises one or more steps chosen from precipitation of the
recombinant protein from a supernatant; crystallization; high
performance tangential flow filtration (HPTFF), flow through
chromatography; adsorption chromatography.

25. The method of claim 24, wherein the adsorption chro-
matography step 1s an 10n exchange step.

26. The method of claim 24, wherein the harvesting step
includes at least one centrifugation step.

27. The method of claim 24, wherein the levels of one or
more contaminants are reduced.

28. The method of claim 27, wherein the levels of one or
more contaminants selected from host cell protein and DNA
are reduced by about 20%, or about 30%, or about 40%, or
about 50%, or about 60%, or about 70%, or about 80%, or
about 90%, or about 95%, or about 96%, or about 97%, or
about 98%, or about 99%, or more, when the recombinant
protein 1s co-expressed with the anti-apoptotic protein or
functional fragment thereof having anti-apoptotic activity
relative to the levels of the one or more contaminants pro-
duced when the recombinant protein 1s expressed alone.

29. A method of enriching for a recombinant protein in cell
culture, the method comprising:

a) transfecting into a host cell, a first nucleic acid molecule
comprising a nucleotide sequence encoding a recombi-
nant protein and a second nucleic acid molecule com-
prising a nucleotide sequence encoding at least one anti-
apoptotic protein selected from a protein comprising the
amino acid sequence set forth 1n SEQ ID NO:6, 8 or 10
or a functional fragment thereof having anti-apoptotic
activity, wherein both nucleotide sequences are operably
linked to a DNA element consisting of a nucleotide
sequence set forth in SEQ ID NO:1, wherein the DNA
clement 1s capable of opening chromatin and/or main-
taining the chromatin in an open state; and

b) culturing the host cell under conditions such that the
recombinant protein i1s produced in the presence of
reduced levels of one or more contaminants selected
from host cell protein and DNA, thereby to enrich for the
recombinant protein in cell culture.
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